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The production of this report, covering as it does 
only a very small proportion of the lands available for 
development at Taveta, should not be thought to condone the 
previous ad hoc development of this area* Irrigation should 
only "be embarked upon in Kamleza as part of an overall scheme 
of irrigation and drainage devised for Taveta as a whole. The 
purpose of this Report is to highlight some of the manifest 
problems of Taveta development as typified by the soil 
situation in Kamleza, and to outline proposals for the 
establishment of soil reclamation experiments the results 
of which should be applicable to an extensive acreage in 
other parts of Taveta and elsewhere. 
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THE SOIL OF KAMLEZA NORTH 

I IMRQDUCTION 
I 

(a) Site Location 
i 

The area known as Kamleza North comprises some 750 acres ' 
lying to the East and North East of the metamorphic outcrop of El 
Dorro Hill, It is approximately 6 miles South of Taveta township* 
To the East the area adjoins Kimorigo irrigation which in turn is 
"bounded by the North-South course of the Lumi River, Land to the 
North is alienated and occupied by extensive privately owned Sisal 
estates. South of Kamleza North is the largely cultivated native 
land unit of Old Kamleza, whilst to the South ̂ rest (and to the 
South of El Dorro Hill) is the Kamleza South development area, 

(b) The Purpose and the Methods of Soil Investigation, 
The purpose of this survey wag to demarcate and describe 

separate soil types with a view to the production of export 
bananas by local farmers. It is assumed that soils found to 
match up to the necessary requirements will be subject to 
irrigation and will form part of a much larger production unit. 

A reconnaissance survey covering 35,000 acres was 
undertaken at Taveta in 1945. So far as Kamleza North was 
concerned, that investigation divided the soils into two broad 
categories. A large part of the area was declared nsuitable 
for irrigation;1 Class 2i5. The South Western quarter was 
pronounced " less suitable for irrigation, Class . 

For the presert survey, provisional soil boundaries were 
obtained from aerial photographs. Selected traverses of known 
position running East-^est were cut through the bush and 
augerings carried out every 100 yards. Soil boundaries were 
finalised by more detailed augering; a total of 190 auger 
descriptions were compiled. 73 core samples were analyzed for 
salt content (indicated by electrical conductivity) and pH. 
The cores represented (caliche permitting) the top four feet 
of soil - one sample for each foot. In addition 28 soil pits 
were opened to a maximum of six feet. The pits were described 
in extenso in the field and then sampled on the basis of visible 
genetic profile development to provide a further 98 samples (For 
analytical results; see Appendices 2 and 3). Levelling along 
3 chosen traverses (marked R2, R8, and R16 on the map) 
ascertained the height of the soil surface above datum for 
every 100 feet along the traverses. From this it was possible 
to calculate the height of the caliche (or stone line) above 
datum, and hence the slope of the underlying caliche. All 
these figures are entered on the map. Account should be taken 
of 11 inches of rain that fell in the month prior to this 
investigation. 

2. GENERAL CHARACTER OF KAMLEZA NORTH 

(a) Geology and Physiography. 

Kamleza North lies between 2,340 and 2,355 feet above 
sea level. The area is dominated by El Dorro Hill in the South 
West. On its North and East flanks, this hill is described 
(Bear, 1955) as consisting of biotite garnet gneisses of 
metamorphic origin, though the core of the hill is composed of 



post-basement "basic rocks grading from hypersthenic 
periodotites in the centre to norites and hyperites at the 
periphery. 

Partially weathered and subsequently eroded material of 
grieissic origin fans out round the base of El Dorro Hill forming 
two concentric rings, the presence of which can be clearly 
ascertained from aerial photographs. The upper of these rings 
(immediately below the hi?l slopes) is covered by relatively 
dense bush growing on the coarse textured colluvium (hill wash 
deposit). Further from the hill, the bush is seen to open out, 
allowing a more open herbaceous ground vegetation to flourish on 
a slight slope down to the North and to the ̂ rest, This open bush 
is growing on a heavy brown clay colluvium of strongly weathered 
material which has been sieved out from the coarse deposit and 
by virtue of its fine size, has been carried further down slope. 

This brown clay thins out at the base of the slope and is 
seen in vertical section to be lying comformably upon a reddish 
brown clay, the weathering product of the superficial calareous 
tuffaceous grit (of Pleistocene are) which unerlies the rest of 
Kamleza North. These reddish clays slope gently down to the East 
towards the Lumi River, 

* 

In the East and adjoining the Produce Road the water table, 
its level possibly related to a layer of caliche and associated 
gravels, may lie within two feet of the soil surface at certain 
seasons. This phenomenon would appear to be only short term 
since the soils are in an oxidized state. However an existing 
irrigation canal flows North to South through Kamleza North (see 
Map). Near the Southern-most section of this canal, close to 
where a furrow branches off to feed Kamleza South, there is 
clear evidence for a high water table and surface flooding. 
This has resulted in gleiing (iron reduction symptoms) which 
extends to a considerable depth in the dark brown clays. This 
poorly drained phase may be associated with three features, 

(i) The negligent attitude towards the canal which 
permits squatters to burrow through the canal 
banks at will, 

(ii) The removal of topsoil to provide earth for 
canal banks, 

(iii) The relatively depressed nature of the topography 
in this section. 

(b) Climate, 
Taveta has a sub-tropical, semi-arid climate. Out of a 

22.4 inch rainfall, (41 years average at the District Office, 
Taveta), 2.7 inches falls in November, 3.8 inches in January; 
4.6 inches in March; 7.5 inches in April. In the 5-month period 
from June to October, no more than one inch is to be expected. 
The potential annual evaporation has been estimated (Taveta 
Report, 1945) at 60 inches a year. 
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The 'winter' drought is a significant feature of the 
climate, accompanied by cold night air off the mountains. 
High winds are another problem (with regard to bananas, for 
example). The heavy i?long'; rains (March-April) often falling 
over a short period of time are a factor to be considered in 
drainage design, 

(c) Water Supply. 
Kamleza North canal water derives from the Njoro Kubwa 

springs, which may emanate from Lake Chala or the consequent 
drainage on Kilimanjaro itself. The main canal has a capacity 
of 70 to 75 cusecs, of which 5/10 (by agreement) is available 
for irrigation in the Native Land Unit beyond the Scheduled 
Sisal Estates. This water (rather over 20 cusecs) is also 
available for Kamleza South development, but, as only 12 
cusecs would be required for general irrigation in Kamleza 
North (or rather more if padi rice were the chosen crop) the 
water supply should be considered adequate as regards quantity. 
Pits dug near the canal suggest that seepage is quite small. 

Most of the hill slope soils are not under command of 
this canal as it is sited at present. 

The water flowing into the North end of the investigation 
area was analysed as follows:-

m. eq*/l 

^Jiciiomhos N a K C a M g N03 H C 0S 0 1 S04 N03 S A R R S C S S P 

8*.l 242 0.45 0.07 0.92 1.1 0,24 1.8 0.10' 0.07 Tr 0.4 OT 17.7 

This is a reasonable irrigation water having both a low 
alkali and a low salinity hazard, though, in an ideal world, 
the pH level might be considered to be higher than the optimum. 
The dominance of Magnesium amongst the cations is unusual. 
The effect of this ion on soil physical condition is not well 
known. 

(k) Natural Vegetation. 
The dark reddish brown clays grow a rather dense bush 

dominated by Acacia mellifera, Albizia anthelmintic a. Azima 
tetracantha. Balanites glabra, Cissus quadrannularis, C. 
rotundifolia and Dob era glabra accompanied by Achyranthes 
aspera. According to Dale and Greeny/ay, (1961) the Azima is 
an indicator of saline soil, In'open country1 - gaps in the 
bush - tall Cynadon plechtostachyus is often accompanied by 
Abutilon maritianum. The soils are generally saline, and it 
would seem that the local people have shrewdly cleared the 
bush for cultivation only where the soil salt content is 
relatively low. In the extreme South East (near Hamisi's 
Corner) it may be the proximity of the water table which 
has encouraged stands of Acacia seyal seyal and A. tortilis. 
whilst along the Produce Road (the Eastern edge) a rather 
distinctive open vegetation may be a consequence of bush 
clearance and subsequent grazing pressure. This latter 



association is dominated by scattered stands of Cassia 
bicapsularis. Maerua sp., Pluchea dioscoridis and P. ovalis 
SPlanum campylacanthum. occasional Oomphocarpus physocarpus and 
Hyphaene coriacea. This Hyphaene is, at Taveta, often found 
" growing on worn out soils with an underlying pan" . (Dale and 
Greenway, 1961). The rather extensive low turf mostly consists 
of Cynadon dactylon and some Cenchrus ciliaris with Euphorbia 
hirta along the paths. Occasional hare patches in this part 
of the area signify surface salt accumulation; in general, 
however, the soils underlying this sod hold less salt than 
those beneath the bush. Occasional specimens of Suaeda monoica 
in the extreme South of the area are associated by Dale and 
Greenway (1961) with salt pari' » The stands of Suaeda and of 
Acacia se.val become extensive towards the Southern end of Old 
Kamleza; this portends worsening drainage conditions and 
increasing salinity. 

The dark brown clays of the South Western slopes carry a 
herbaceous cover typified by an association of Aerva lanata, 
Disperma sp». Ecbolium revolutum. Hibiscus flavifolius, 
Indigofera tinctoria. Justicia flava. Neuracanthus scaber.and 
Pupalia lappacea. Scattered bush is represented by Acacia 
mellifera. Albizia anthelmintic a. Cadaba ruspolii. Commiphora 

Cordia sp. near gharaf. and Grewia tenax. Occasional 
tracts of sparse, but well grown Sporobolus marginatus 
(sometimes accompanied by S. helvolusTT indicating saline and 
alkaline conditions, are dispersed throughout, achieving 
general dominance only along the slope immediately above the 
reddish brown clays, 1 • though Chloris 
roxburghiana and Cenchrus ciliaris frequently feature on the 
lowest levels of this slope (i.e. in close proximity to the 
boundary between the colluvium and the reddish brown clays), 
The mature heads of all these grasses can be easily 
distinguished on the aerial photographs as a narrow white 
line circumscribing the base of the hill. 

Those Southern areas, close to the canal, suffering 
impeded drainage, support a growth of sedge - Cyperus 
alopecuroides. C. articulatus and C. rotundus retzii - and 
of generally tall grasses e.g. Panicum deustum. Panicum 
meyerianum. Sorghum sp. and Echinochloa colonum. 

Moderate to dense bush covers the lower slopes affected 
by coarse Colluvium, with Acacia mellifera, Commiphora sp., 
Grewia bicolor and also Aerva persica, Dectyloctenium 

, Sericocomopsis pallida and some stunted specimens 
of Adansonia digTtata (baobab). 

Species collected or identified during the survey are 
listed in Appendix 6. 

(e) The Local Economy. 
Sporadic grazing by very indifferent cattle and sheep is 

largely confined to the North East, across the road from 
Kimorigo Village, where several huts have been constructed. 
The majority of the squatter's shambas are however sited in 
the centre of the area and South Central. Along the length of 
the canal maize, sugar and rice are favoured. To the ?Test of 



the canal there are scattered clearings of maize and "beans. 
In the South (to the East of the canal and based primarily 
upon the more fertile reddish - brown clays) are medley of 
crops including maize, brx r<a, cassava, cowpeas, with 
occasional intercroppings of cotton, yam and paw-paw. A 
considerable number of bee hives are tended in the bush. 

3. SOILS OF KAMLBZA NORTH 
I. Coarse colluvium. 

The hillslope soils comprise the weathering products 
of the biotite gjieiss found on the North and East sides of El 
Dorro Hill. Further down the hill the soil becomes deeper, but 
there remains a shallow coarse topsoil. It is suggested 
therefore that coarse colluvium is dumped in close proximity 
to El Dorro hill, whilst the fine fractions are sieved out 
and form a clay deposit at the base of the slope (Group II). 

In an intermediate slope situation variable depths 
of coarse sand may be deposited on the clay surface during heavy 
rains. Here the surface texture varies from coarse sand through 
the range of sandy clay, a common variant being a coarse sandy 
loairu The underlying horizons consist of brown clay. 

This group of soils covers a small proportion of 
the survey area. It is furthermore lying above the command of 
any foreseeable canal structures on a considerable slope. The 
soils need not therefore be considered further. 

II. BROWN SALINE - ALKALINE CLAY, 
These soils are found in the South West of the area 

and fprm part of a ring round the base of El Dorro hill. The soils 
lie oil a marked slope down towards the North and the East. As a 
refcult of the relatively high lying topographical situation, 
the soils show symptoms of alkalisation with accompanying 
vertical clay movement. The soils are also saline. 

A transitional soil occurs where the Brown colluvium, 
thins out above Reddish brown clay„ The soil occupies a narrow 
transiional zone and is not distinguished on the map from the 
Brown Saline - alkaline soils. Its characteristic features 
include a band of medium and large sized concretions of calcium 
carbonate in intimate association with manganese compounds; these 
occur at the junction of the colluvium and the underlying reddish 
clay. The concretionary material is presumably deposited from 
ground water; at one of the soil pits (R̂ g East) water flowed 
out along this plane of contact. 

The salient feature of these soils is the high 
degree of alkalinity in the sub-soil as represented by high 
figures for the exchangeable sodium percentage, the pH (in water), 
and the great amount of (Sodium + Magnesium) relative to Calcium. 
The comparatively high levels of carbonate and bicarbonate are 
further evidence of advanced alkalization. In the presence of 
carbonate ions at high pH levels, the calcium and magnesium 
will tend to be precipitated. On wetting the alkaline clays are 
liable to swell and then disperse, rendering the sub-soils quite 
impermeable. Evidence for swelling and shrinking in situ is 



suggested by the prismatic structure of the second layer. The 
problems resulting from clay dispersion are seen to be very 
real when the high percentage of clay is taken into account 
(7$ in the sub-soil; on average 1 0 more clay than occurs in 
the reddish brown sub-soils). 

Furthermore the existing salinity levels, even in the 
surface soil, will render banana production uneconomic; due to 
the potential impermeability of the lower horizons, no prospect 
can be held out for soil reclamation by leaching. 

The very low figures obtained for phosphate may well 
result from the laboratory method of phosphate determination 
which was devised for use on acid and neutral soils. It is 
to be expected, however, that a high proportion of existing 
phosphate will be unavailable for plant use. 

In short, these soils are not considered suitable for 
irrigation agriculture. 

Samples taken from similar dark brown clays in Kamleza 
South (which does not come within the scope of this report) 
show all the above symptoms of salinity and alkalisation, 
though the salinity would appear to be more intense in 
Kamleza South (about twice as much). Furthermore, for 
certain crops, high levels of magnesium may well depress the 
uptake of some nutrients. 

The soils covering the greater part of Kamleza South 
should not therefore be considered for irrigation agriculture. 
(Figures for Kamleza South will be forwarded to Taveta 
separately. 

NOTE: A saline layer is defined as one in which the EC 
(saturation) exceeds 2 millimhos per centimeter. 

AH alkaline layer is defined as one in which the 
Exchangeable Sodium Percentage exceeds 10. 

(ii) Swampy Phase of Brown Saline-Alkaline Clay. 
This represents those dark brown (sometimes dark greyish 

brown) soils, influenced by a high surface water table and 
seasonal flooding. The soils are saline and contain a high 
proportion of clay plus silt. Owing to their flooded 
condition at the time of the survey, no samples were obtained, 
but it is assumed that the soils in their present state are 
unsuitable for cultivation. 

The soils are found close to the Southern end of the 
furrow and cover a very small proportion of the area. The 
following brief description is based on some dozen auger 
borings to 48 inches. 

At 4 incheso 
A wet dark brown/very dark greyish brown (10 YR 3/3) 

Clay, slight reaction with l(y hydrochloric acid. 



At 12 inches: 
i 

A wet dark brown (10 YR 3/3) clay in water. Strong reaction I 
with lQfr hydrochloric acid. Occasional phases of fine gravel 
(a few inches deep) within the clay matrix. 

i 

At 40 inches: 1 
i i 

9 

Common light brown mottles in a dark brown (iO YR 3/3) clay ! 
matrix. 

\ 
* 

Vegetation Cover. Grass - sedge predominates. | 
I 
I i 

Map Symbol: II B 
Ill BROWN NON-SALINE . ALKALINE CLAY 

These soils have a similar colour and textural range to the 
• Group II Soils. There is, however, less evidence of clay trans-
location and, though the subsoil has a rather high percentage of 
exchangeable sodium, the soils are less alkaline; pH, bicarbonate 
levels and exchangeable sodium all point in the same direction, 
whilst there are no morphological symptoms of alkalinity. The j 
permeability of these soils is however very slow and will tend to 
decrease further under irrigation. 

f I 
i 

_ The most important feature of these soils is their low salt 
content which would permit the cultivation of bananas without prior 
leaching. 

, The soils should have a low priority for irrigated agriculture 
and only be used if other considerations demand it. 

The relatively high proportion of silt recorded from surface 
soils which have been subjected to cultivation is of some academic 
interest, and may result from micro aggregation producing a pseudo-
silt from particles of clay size. These micro aggregates may not be 
fully dispersed in the laboratory prior to mechanical analysis. 

This soil has a very limited distribution, occupying the top 
of a very small ridge which runs North/South parallel to and to the 
East of the furrow ending some 1000 yards North of the road which 
divides Kamleza North from Old Kamleza. By virtue of its relatively 
low salt content, the soil is subject to a modest amount cf culti-
vation. 
IV. REDDISH BROW NON-SALINE NON-ALKALINE CLAY 

These are the best soils in Kamleza North. Their distribution 
is however limited, and an approximate boundary has been marked on 
the map between these soils and the neighbouring saline clays. 
The vagueness of the boundary between these groups stems from 
the inability to distinguish differences cither on a basis of 
soil morphology or of natural vegetation. Local cultivators have 
however, by trial and error, discovered the important distinction, 
the extent of these soils can therefore be said to correspond to 
the distribution of the cultivation on reddish brown soils. 
Aerial photography would reveal the extent of contemporary culti-
vation. 

The good quality consistence and structure of these soils 



gives confidence that the. related saline clays can he leached 
of their salt without detriment to their physical properties. 

In general these soils should produce economic crops of 
irrigated bananas provided adequate levels of N and K 
fertilizers are applied to make good plant consumption -
present levels of N and K should be adequate, but it will be 
important to maintain this level, especially since leaching 
of these nutrients (nitrate in particular) may be expected 
during irrigation. 

The soils have one feature in common with the 
neighbouring Alkaline Clays, namely the rather higher bicarbonate 
content which may be the cause of the apparently lower levels 
of phosphate in the sub-soil. The soil phosphate reserve should 
however prove adequate. 

It should be emphasized that present cultivation in this 
area does not have an inherently desalinizing influence. Thus 
auger borings in shambas of maize and beans to the West of the 
furrow have shown that there, the salinity levels are quite 
high and characteristic of the Group V soils. 

V REDDISH BROWN SALINE CLAY. 
The electrical conductivity of the sub-soil exceeds 2 

millimhos/cm (and averages 12 millimhos). These soils 
comprise about 7$. of Kamleza North. The salt concentration 
varies from place to place. This is 
demonstrated on the map. The soils have been divided into 2 
sub-phases. The depths of caliche layers, stone lines and 
the water table are indicated on the map for every point 
where auger borings were made or soil pits sunk. The sub-
phases are as follows:-
1. With caliche in top 40 inches 

These soils were found to have field and chemical 
properties which did not significantly differ in any respect 
from those of deeper Reddish Brown Saline Soils. Associated 
with this sub-phase, particularly in the North East Corner of 
the area, are small patches of surface saline horizons, which 
are devoid of vegetation. Analyses confirmed that these are 
a result of abnormal but very local surface concentrations of 
salt. 

For the purpose of this survey, Caliche, extensive 
coarse gravel and stone layers were treated as one and the 
same thing since each will be an equal impediment to the 
construction of a system of drains. Very moist or even wet 
soil may be associated with the caliche and in places this 
layer may act as an aquifer. It is not our purpose here to 
debate which is the hen and which the egg. Suffice to remark 
that much of the true caliche is based on pre-existing gravel 
nuclei round which has been deposited much calcareous material 
together with oxidation products of iron and manganese derived 
from the ground water of this or a preceding age. The gravel 
units become enlarged until they start linking together one 
with another to form very irregular cemented sheets. It is 
usual to find an inch or so of fine gravel lying above this 
caliche. Fatts (1957) has made reference to this so-called 



hard pan 11 indicative of poor drainage some four feet helow the 
surface". Unlike some other hard pans,this type is not 
susceptible to deep ploughing not only because of its indurated 
consistence and variable depth, but also on account of its 
particular thickness. Caliche below adjoining Kimorigo has 
been reported as being 3 to 5 feet thick. 

It may be anticipated that caliche (or the equivalent) 
underlies practically all of the reddish brown clays. The 
slope of the caliche is, however, downwards in the general 
direction of the Lumi River. Thus drains may be laid so that 
water flows away to the East. 

As a result of the slope of the surface relief, towards 
the North and East caliche is struck over closer to the top of 
the soil profile; in the North East corner a mere two feet of 
soil overlies this layer. 

Bananas require a deep, well drained soil* If 40 inches 
of soil is taken as being the minimum desirable depth for the 
crop, then the North East corner of Kamleza North (see Map) must 
be considered too shallow for banana production. 
2. With Caliche below 40 inches. 

The surface layers are sometimes saline (see Map). Below 
12 inches the soil is normally saline, often intensely so. 
Furthermore, within the soil profile the percentage of the 
exchangeable Sodium increases with depth and often attains 
alkalinity within the top 36 inches. 

Termite mounds occur on these soils. The mounds tend to 
be richer in phosphate than the surrounding soils, and may be 
sited in situations with lower than the average clay. The 
level of organic material in the surface 32 inches is rather 
low, this may well be due to the consumption of available 
carbohydrates by termites. The termite mound is further 
characterised by a high level of soluble salts especially in 
the surface horizon. 

One of the features of these reddish Brown Clays is their 
great variability in salt content, but it cannot be 
overemphasised that, with only a few exceptions, these soils 
in their present condition are too saline for the production 
of bananas. 

Furthermore, below 24 inches, there is a wide range of 
Sodium and Chloride concentration. Exchangeable magnesium 
also increases with depth. In certain of these soils, 
dangerous levels of Sodium are encountered below 24 inches. 
Rather high levels of chloride may also be found below 24}?. 

The analyses show that the soils gradually deteriorate 
with respect to both exchangeable Sodium and to the 
concentrations of chloride, on passing through Kamleza from 
North to South. At the same time the cation exchange capacity 
tends to decline. Thus comparatively low levels of 
exchangeable Sodium are detected in the soils lying to the 
West of the furrow, and to the North of Line 16 in the East 
(i.e. within 1,600 yards of the Northern boundary of Kamleza 
North). To the South of Line 16, however, (i.e. the South 
Eastern segment of Kamleza North near Hamisi's Corner) 
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sub-soil alkalinity tends to be at danger levels. 
Since the leaching of the soil salt (an essential 

preliminary to banana production) may well crucially influence 
the electrical properties of the soil clays so that dispersion 
takes place, it is vital that preliminary experiments be 
performed so that an accurate prediction can be made of the 
likely soil response on a large scale. If it should prove 
that these soils retain their structure after leaching is 
completed, then they may be considered for banana production. 
Existing permeability should be good, so that, in the early 
stages at least, leaching will be rapid. . 

The highest levels of P and K are to be found at the 
surface of these soils associated with organic material. 
Comment on the fertility status of these soils prior to 
leaching is somewaht futile since quantities of potassium and 
nitrate will be leached with the salt. The phosphate status 
of these soils is generally satisfactory and the phosphatic 
reserves would appear to be adequate. Much of this soil 
phosphate should be available for plant use. The occasional 
very high figures for surface phosphate are an indication of 
previous human settlement. The deep soils tend to have higher 
levels of phosphate in the 24 inches to 36 inches horizon than 
the shallower soils. 

Under bush the surface organic content averages out at 
around 2ft whilst under a grass cover organic matter comprises 

of the surface soil. It will be important to try to 
maintain or increase the organic content of the soils. 
3. With Ground Water significantly influencing the Profile. 

These soils had a water table within 70 inches of the 
surface at the time of the survey. The soils contain an 
intensely Saline horizon some two feet above the water table. 
The sub-soil (and often the top-soil also) has an exchangeable 
Sodium percentage exceeding 1®. The existence of these soils 
serves to underline the necessity for the maintenance of a 
vertical movement of solutions downwards through the profile 
by the twin mechanisms of (a) adequate surface leaching and 
(b) adequate sub-surface drainage. These soils have a 
disjunctive distribution, account for only a small proportion 
of the reddish brown clays and are largely concentrated in the 
South East corner of Kamleza North. 

The height of the water table is in any case an 
unsuitable criterion for soil mapping, as it is one subject to 
seasonal fluctuation. The few soils with a high water table 
are discussed separately since they provide admirable 
indications as to the direction of soil evolution should a 
high water table be permitted to exist after the introduction 
of irrigation. 

StMIARY AND PRELIMINARY PROPOSALS: 
A. SOILS. 

1. The Coarse Colluvium and the Brown Saline-Alkaline 
Clays are both unsuitable for irrigation agriculture. 



2. The Brown Non-Saline, Alkaline Clays will degenerate 
physically under irrigation and become impermeable. Drought 
resistant crops should be tried on these soils without irrigat-
ion. 

3. The Reddish Brown Non-Saline, Non-Alkaline Clays 
may be used for banana production without prior reclamation. 
Applications of sulphates of ammonium and potassium will be 
necessary for intensive production. 

4. The Reddish Brown Saline Clajs are generally too 
saline for the economic production of bananas. These soils 
may also be dangerously alkaline in the South East of the area, 
(towards Hamisi s Corner). Both the salinity and the degree of 
alkalinity vary widely from one part of the area to another, 
but there is a tendancy for both to increase towards the South. 

The saline Non-Alkaline soils and certain of the saline 
Alkaline soils can be reclaimed through leaching without too 
drastic a reduction in soil permeability. There are some saline 
and alkaline soils, however, to which gypsum should be applied 
before leaching is attempted. Since, clearly, crop trials 
will be initiated at Taveta before development is embarked 
upon, the procedures for leaching and for the application 
of soil amendment should be resolved in these trials (See 
Proposal C, below). 

5. The soils towards the North East are mostly less 
than 40 inches in depth and may well be too shallow for 
bananas. There is no reason, why other crops should not be 
tried on the shallower soils. 

6. The Reddish Brown clays are underlain by caliche 
and also by intensely saline ground water, the depth of which 
fluctuates on a seasonal basis. 
B. DRAINAGE. 
1. The maintenance of reasonable horizontal and vertical 
penneability is an essential prerequisite. 
2. The provision of adequate deep drainage is a sine qua non 
(preferably 6 feet deep). 

3. A massive yet pisolitic sheet of caliche lying beneath 
Kamleza North will interfere with the construction of a drainage 
system. This caliche slopes gently down in the direction of the 
Lumi River. 
4. The estimated capillary rise of soil solution in the 
reddish brown saline clays is a distance of 2 feet above the 
water table. 
5. A system of sub-surface drains is required combining. 

(a) Surface drainage of the waste irrigation water and 
rtnoff from precipitation, 

and 
(b) Sub-surface drainage to lower the level of the water 

table and remove the substantial amounts of excess 
irrigation water (the leaching requirement) necessary 
to prevent a renewed build-up of soil salinity. 



6. Field studies on drainagedesign should be started some 
seasons before initiating development in Kamleza North; on the 
basis of these, drain spacing and depth will be decided. 
7. Drainage water should be carried right away from the 
area&kept separate from the irrigation furrows. 
8. A continuous check should be made on the level of the 
ground water at selected points by means of piezometers. 
9. Excessive use of irrigation water over and above the 
leaching requirement must be prevented, possibly by levying 
a water rate on a sliding scale. 

10. The canal banks should be compacted so as to reduce 
seepage to a minimum without resort to costly canal linings. 
11. The Department of Water Development might be encouraged 
to consider the feasibility of employing pumps to operate 
below the calicheaquifer so as to lower ground water levels. 

C. FIELD TRIAL ON KALDUSZA NORTH. 
i i m m — — i n n mm—m 

1. A crop trial should be initiated on 2 acres of land. 
2. Ideally this trial should be sited on some of the 

potentially more difficult soils near Hamisi's corner. 
Preliminary soil analysis should be made to ensure that 
the soil is indeed saline and alkaline, and to provide 
a reference point, 

3. The site will require a feeder furrow from the main 
Kamleza canal, and adequate sub-surface drainage leading 
off to join up with existing drainage in Ivimorigo. The 
site should be as uniform as possible. Costs will 

include bush clearing and site levelling. 
4. The following trials should be considered:-

(i) Frequency of water application. Over and above the 
consumptive use of the bananas, account should be taken 
of the leaching Requirement to ensure that salt carried 
in the irrigation water does not accumulate in the 
profile. Thus the annual irrigation requirement = 

C + L -R 
where C = Consumptive water use by bananas 

L = Leaching Requirement. 
R = Total effective rainfall. 

The calculation for leaching requirement takes account of 
the quality and quantity of both rainfall and irrigation water. 
Assuming a total irrigation requirement for bananas of 70 inches 
and an effective rainfall of 18 inches ,then the leaching 
requirement for Kamleza furrow water is 9̂  (i.e. 9*- of the 70 
inches), and the Irrigation Requirement is 59 inches. 

(ii) Soil leaching. A simple comparison of leaching 
methods may be carried out: 

(a) Ponding. During ponding a rice crop could be taken. 



Cb) Pre-Irrigation in furrows, followed by the immediate 
planting of the crop under trial. 

In addition to this it will "be necessary to compare crops 
grown on leached soils with crops on unleached. Since the 
soil chosen will "be alkali, it may well be essential to apply 
gypsum soil amendment to prevent physical degeneration during 
or after leaching. The 2 treatments (Leaching and gypsum 
application) can be simply combined in a trial in which a 
plot is divided into three parts: 

(a) Untreated soil. 
(b) Straightforward leaching. 

(c)'Gypsum application followed by leaching. 
The level of gypsum will depend upon the degree of 

alkalinity of the chosen soil. The application would be most 
unlikely to exceed 10 tons per acre. Adequate water must be 
applied to dissolve the gypsum and wash it into the soil. The 
best method in practice may well "be to irrigate, where 
necessary, with gypsum fortified water, 

?rhere leaching is performed, it will be necessary to 
replace potassium and nitrogen which disappear with the salt. 
The amount of fertilizer required may be determined by soil 
analysis after leaching. If fertilizer is not applied, then 
clearly any comparison of crop yields on the different 
treatments will be meaningless. The trial will be evaluated 
not only on the basis of crop yields but also by means of soil 
chemical analysis and field permeability measurements. 

During this trial a check should be kept of ground water 
level. For this purpose rows of piezometer tubes should 
radiate out from the plots. Salt content may be assessed in 
the drainage water. 

(iii) Post - Leaching Fertilizer and Spacing Trial. 
Firm recommendations for this cannot be made until the 

results of thepost-leaching soil analysis are known. Ammonium 
sulphate, potassium sulphate, and diammonium phosphate should 
all be tried. 

5. If fundswill not run to the provision of a long furrow and 
drains, then the 2 acre plot will of necessity be sited close 
to the Kamleza Canal, It will be essential to site this plot 
on uncultivated land which is as uniform as possible. The soil 
type should be saline, but will almost certainly be non-alkaline 
since Reddish Brown Clays only border the canal in the Northern 
part of Kamleza North. For this reason the trial need not 
include gypsum applications. Otherwise the proposals under 
paragraph 4 above can still be adhered to. Due to the absence 
of an accessible flow of drainage water, it is suggested that 
certain of the piezometer tubes should be of sufficient bore 
for it to be possible to sample the ground water for analysis. 
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The site and its environs will he sampled prior to 
leaching and thenflooded and planted to Rioe. The leached 
area and the unleached surround should he resampled after 
harvest, and, presuming leaching to have heen satisfactory 
and the ground water strata capable of carrying away the 
leachate, the rice may be followed by a test crop of bananas 
with tertilizer applications as considered desirable. A 
comparison should be made with bananas planted at the same 
time on adjacent unleached 'land. 
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APPENDIX 1 

ANALYTICAL METHODS 
The dried soil samples were ground to pass a 2mm sieve for all 

the chemical determinations except Nitrogen and Organic Carbon,, 
For total Nitrogen and Organic Carbon, the surface samples were 
determined by the methods of Kjedahl and Walkey-Black respectively. 

The soil pH was determined on 1:5 Soil: HgO and also on 1:5 
Soil: KC1 after mechanically shaking for half an hour, using a 
glass electrode. The supernatant liquid of the water extract was 
employed for the electrical conductivity measurement. Also the 
conductivity of the saturation extract was measured for selected 
samples. The textural analyses were carried out using the 
Buoyouco's Hydrometer. The Cation Exchange Capacities (C.E.C.) 
were estimated after first saturating with sodium acetate, washing 
with alcohol, and then leaching with ammonium acetate, the sodium 
content being measured in a flame photometer. 

For the exchangeable bases, the soil sample was washed with a 
1:1 water-alcohol mixture and then leached with ammonium acetate, 
all the elements except Magnesium being measured in a flame 
photpmeter, The Magnesium was estimated in a colorimeter. The 
water soluble salts were measured in a 1:5 water extract, the 
carbonate and bicarbonate being estimated by titrating with the 
dilute sulphuric acid; the Chloride by titrating with silver 
nitrate; sulphate was estimated by colorimeter. 

APPEND IK 2: RELATION OF CONDUCTIVITY TO SALT C PATENT 
Electrical conductivity (ECe) provides an estimate of salt 

content. Soil is considered saline when the electrical conducti-
vity of the saturation extract (ECeSat) is greater than 
2 millmhos per centimeter at 25^. 

The estimation of salinity employing a saturation extract has 
the advantage that the saturation percentage (the quality of water 
required to saturate a known weight of soil expressed as a 
percentage) is directly related to the field moisture ranged. The 
soluble salt concentration in the saturation extract tends to be 
about one-half of the concentration of the soil solution at the 
upper end of the field moisture range, and about one-fourth the 
concentration that the soil solution would have at the lower dry-
end of the field moisture range (wilting point). The conductivity 
of the saturation extract can therefore be used for estimating the 
effect of soil salinity on plant growth, 

Inhere a large number of soil samples is involved, the above 
method of estimating salinity is slow and cumbersome„ In this 
case more dilute extracts are used, the 1:5 extract being employed 
at these Laboratories, Using a dilute extract, the results may be 
related to the conductivity of the saturation extract. Conversion 
factors take account of the texture and saturation percentage. For 
a sandy soil (the saturation percentage = 3Q1), the conversion 
factor is for a clav soil (the saturation percentage - 6($>)the 
covers ion ^factor is £02. If for a particular conductivity of a 
1:5 extract, the product obtained by multiplying by the relevant 
factor exceeds 2 millimhos per centimeter, then this is sufficient 
to indicate a saline soil. Conversions as above only approximate 
to the results that would be obtained from saturation-extracts 
and merely serve to indicate the obviously saline soils. 
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APPENDIX 5 
PROFILE DESCRIPTIONS *AND ANALYTICAL DATA:-

INTRODUCTION. 
This appendix provides a compendium of the field and 

laboratory data. For each major soil type, a representative 
profile is described; this is followed by a table of analytical 
data for that profile. Following this is a table providing 
computed mean figures (and the range of the individual results) 
for all the soils analyzed and grouped into the particular 
soil type under consideration. The mean data in the horizontal 
columns marked "1" refer to the surface horizons, whilst those 
in Columns marked "2" are ascribed to horizons nearest in 
depth to a hypothetical layer 24 inches to 36 inches deep. 

* Technical terms explained in Soil Survey Manual ( 1951) 

Soil Profile Brown Saline Alkaline Clay 
Pit Location: R ^ l E 

Relief - Slight slope down to East: Microrelief plane. 
Rooting Depth - 46 inches. 
Maximum Rooting Density - 0 to 6 inches. 
Surface - very slight cracking. 
Vegetation Cover - 9Cpl. Albizia anthelmintica and Acasia mellifera 
with Neurcanthus scaber, Hibiscus flavifolius, Aerva lanata, 
Indigofera tinctoria, Disperma sp.,Chloris roxburghiana, Sporobolus 
marginatus, Drake -Br ockmania somalensis and I eptochloa obtusiflora. 
Land Use: Grazing, 
Map Symbol: II 
Lab. No. 4417: Depth 0 to 4 inches. 

The soil is a dark brown (10 YR 3/3 moist) slightly hard 
clay; with moderately developed medium crumb and blocky structure. 
Fine black stones are common on the surface. Fine and medium 
roots are abundant. The soil reaction with 1Q£ hydrochloric acid 
is strong, pH = 7.0. The lower boundary is clear and even. 
Lab. No. 4418: Depth 4 to 25 inches. The soil is dark grey brown 
(10 YR 4/2 moist) hard clay with a strongly developed medium sized 
prismatic macrostructure, breaking down into strongly developed 
blocky peds. Fine shaley gravel pebbles occur infrequently, 
"here are few, fine and medium roots. Medium sized lime spots are 
common. Reaction with lOf hydrochloric acid strong. pH - 7.3. 
Lab .No.441.9: Depth 25 to 44 inches. The soil is a brown 
(7.5 YR 4/2 moist) clay, hard, with a strongly developed, fine and 
medium sized, blocky structure. Clay cutans are evident. Very 
fine gravel units are common. There are very few fine and medium 
roots. The soil tastes salt. The reaction with 1(F hydrochloric 
acid is strong. pH = 7.3. The lower boundary is even and 
gradual. 



Lab. No. 4420: Depth 44 to 68 inches. 
The soil is brown (7,5 YR A/2 moist) clay; hard and of a 

moderately developed, medium and fine sub-angular blocky 
structure.̂  The medium sized greyish pink mottles are abundant 
There are "abundant clay cutans, Roots are rare, and medium 
sized lime spots are infrequent. The soil tastes salt. Strong 
reaction with hydrochloric acid. pH = 7,5. The lower 
boundary is clear but undulating. 
Lab. No. 4421: Depth 68 to 75 inches. 

The moist soil is a reddish brown (5 YR 4/4) firm clay, 
of a moderately developed, medium sized, sub-angular blocky 
structure, (igpeyish pink mottles and clay cutans are abundant 
There are few fine lime spots. The soil tastes salt. Strong 
reaction with ICS'- hydrochliric acid. pH = 7.2. Medium size 
caliche pebbles increase with depth. The lower boundary is 
abrupt but irregular. 

Below 75 inches: Caliche. 



Brown Saline - Alkaline Clay 
TABLE 1 a 

Pit Ref. R 1 6 A I E Lab. No . 4417 to 4421 
Depth 
Inches 

TEXTURE^ 
Sand Silt Clay 

Tfi 1:5 
H2 0 KC1 

% C % N ppm 
P 

CEC. 
ME/lOOg 
SOIL 

EXCHANGEABLE BASES 
ME/100a SOIL 

Ca Mg K Na 
EXCH 
Na % 
(ESP) 

0 - 4 29 14 57 8.6 7.0 0.90 0.13 2.0 51.0 29.0 6.3 2.8 2.0 3.8 
4 - 2 5 23 10 67 9.1 7.3 — 0 52.5 12.0 6.6 1.7 24.0 45.7 

2 5 - 4 4 13 12 75 9.2 7.3 - - 0 62.8 17.4 6.3 2.4 32.8 52.2 
44-68 17 10 73 9.4 7.3 — — 0 68.0 11.0 4.4 2.2 43.6 64.1 
68 - 75 21 ̂ 14 65 9.5 7.2 _ 0 64.0 11.7 4.0 2.0 42.4 66.3 

a u 

NOTE: Salinity and Alkalinity is assessed on the basis of the top 36 inches of the Soil Profile. 

Depth 
Inches 

ECe 1:5 
Mlmhos 
cm 

ECe Sat 
Mlmhos 
cm 

COMPOSITION 1:5 Hg 0 EXTRACT 

Ca Mg K Na CI S04 CO 3 HCO.5 

0 - 4 0.5 2.3 0.51 0.20 0.16 2.60 1.96 0.04 0.70 2.35 
4 - 25 2.3 0.20 0 0.08 20.80 14.36 2.04 2.75 5.40 

25 - 44 3.6 4.6 0.08 0 0.08 32.80 25.48 2.95 1.0 5.40 
44 - 68 3.1 0.08 0 0.04 28.60 20.28 1.20 0.80 7.90 
68 - 75 2.7 3.3 0.06 0 0.03 24.60 17.19 0.30 1.20 5.60 
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Soil Profile: Dark 'brown over Reddish "brown clay. 
Pit Location R ^ A0 

Relief-Plane: Base of slope facing North Last. 
Rooting Depth - 60 inches. 
Maximum Rooting Density - 0 to 2 inches. 
Vegetation cover - 1Q£ herbs: Cyperus alopecuroides, Cyperus 

rotundus retzii, Crotalaria sp., Pluchea 
ovalis. 

- 90$ Grass: Lchinochloa colonum (7G\) 
Panicum meyerianum (10".). 

Land Use - Grazing 
Map Symbol: II 
Lab. No. 4402: Depth 0 to 12 inches. 

The moist topsoil (0 to 2 inches) is dark brown ( 10 YR 3/3); 
2 to 12 inches is dark yellowish brown (10 YR 3/4). The soil 
comprises friable clay of a weakly developed sub-angular blocky 
and crumb structure. Roots, which are abundant in the top 2 
inches and common thereafter, are fine and medium. Reaction 
.with 1CF hydrochloric acid is strong. pH = 6.9. The lower 
boundary is even and clear. 

Lab. No. 4403: Depth 12 to 29 inches. 
The soil is a dark greyish brown (10 YR 4/2 moist) clay; 

very hard, with a strongly developed, medium and fine, blocky 
structure. Thin clay cutans are evident, as are fine black (Mn?) 
concretions. Medium sized liae spots are few. Reaction with 
hydrochloric acid is violent on the line spots, strong on the 
matrix. There are few fine roots. The lower boundary is abrupt 
but undulating. Streaks of this horizon can be found in 
horizon 3. pH = 7.4. 
Lab. No 4404: Depth 29 to 43 inches 

The moist matrix is yellowish red (5 YR 4/8) but there 
are present abundant blotches of reddish brown (5 YR, 5/4) and 
dark brown (10 YR 3/3, 7.5 YR 4/2) material. The soil is a 
somewhat massive clay with large lime spots. Fine to large 
calcareous stones decrease with depth. There are few fine roots. 
The reaction with lCfo hydrochloric acid is violent. pH = 7.7. 
The lower boundary is irregular and diffuse. 
Lab. No. 4405: Depth 43 to 73 inches. 

The moist soil is reddish brown (5 YR 4/3) clay with 
abundant black and grey mottles and much cutanic material. The 
structure is of moderately developed medium sized blocky peds. 
Black (? Mn) concretions are common, and there are few medium 
and large lime spots. Few fine black stones and few large 
caliche pebbles increase with depth. The reaction of the matrix 
with 1Q& hydrochloric acid is moderate, yet violent on the lime 
spots. Roots are rare. pH = 8.1. The lower boundary is 
irregular and abrupt. 

Below 73 inches = caliche. 
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TABLE 1 b 

Brown Over Reddish "brown Clay Pit Ref. RiiAo Lab.No.440S to 4405 
Depth 
Inches 

TEXTURE % # 
Sand Silt 

* 

Clay 
Til 1:5 % C 

» 

H20 KCl 
% N ppm 

' P 
CEC 
ME/lOOg 
SOIL Ca 

EXCHANGEABLE BASES 
ME/lOOg SOIL 

Mg K Na 
EXCH. 
(ESP) 

0 - 1 2 17 14 69 8.9 6.9 0.84 0.09 0 65.5 30.8 7.8 2.1 1.5 1.9 
12 - 29 13 14 75 9.6 7.4 - 0 65.5 13.2 9.4 1.6 18.0 27.5 
29 - 45 27 18 55 9.8 7.7 — 0 46.0 12.2 5.4 1.5 21.4 46.5 
45 - 75 17 16 67 9.9 8.1 2 65.5 6.4 2.3 2.5 57.4 57.1 

Depth ECe 1:5 ECe Sat COMPOSITION 1:5 HsO EXTRACT 
Inches mlmhos mlmhos MS/LITRE 

cm cm Ca Mg K Na CI. SO4 C03 HCCfc 
0 - 1 2 0.2 — 0.51 0.52 0.06 1.0 0.64 0 0.60 2,23 
1 2 - 2 9 0.7 — 0.08 0 0.08 8.60 0.56 0.02 2.40 5.75 
29 - 43 1*4 1.85 0.10 0 0.04 13.60 0.80 0.24 4.80 6.75 
45 - 75 1.4 2.1 0.08 0 0.04 17.00 0.24 0.20 9.0 4.90 



Brown Saline - Alkaline Clay 

MEAN 1 

MEAN 2 

TEXTURE % 
Silt Clay 

12 61 

13 73 

lil 1:5 
H20 KC1 

% C 

8.8 6.7 1.0 

9.3 7.4 

e 

TABLE 1 c 

ppm CEC 
ME/lOOg 
SOIL 

4 52 

2 57 

- 21 -

Map Symbol II 
EXCHANGEABLE BASES 
Ca 
17 

11 

Mg K 
6 

8 

3 

2 

EXCH. 
Na %• 
(ESP) 
2.7 

43.0 

ECe 1:5 
mlmhos 
cm 

ECe Sat 
mlmhos 
cm 

COMPOSITION 1:5 HgO EXTRACT 
ME/LITRE 

Ca Mg K Na CI S04 co3 HCO3 

MEAN 1 0.3 2.3 0.2 0 0.2 1.4 0.8 0.1 0.5 1.7 

MEAN 2 2.9 12.2 0.1 0 0 23.0 15.0 2.1 2.0 5.2 

% 



Pit Location R-22̂ 1 E 
Soil Profile: Brown Non-Saline, Alkaline Clay. 
Relief - Plane. 
Rooting Depth - 50 inches. 
Maximum Rooting Density - 0 to 4 inches. 
Vegetation Covey - Weed Species: Abutilon mauritianum 2Q& 

Aspilia sp. 1C% Indigofera tinptoria 1Q6. 
Pluchea Ovalis 1Q£. 

Also recorded ( 1($ cover) are: Aerva lanata, Chenopodium 
opuliferum, Pavonia propinqua, Ipomoea mombassana, Euphorbia 
hirta, Corohorus trilocularis, Sorghum sp. and Echinochloa 
colonum. 
Situation: On edge of cassava, "beans, maize and paw paw, 

M P SYMBOL: III 
Lab. No.4458: Depth 0 to 6 inches. 

The soil is dark brown (7.5 YR 3/2 moist) clay; slightly 
hard, with a moderately developed sub-angular blocky and crumb 
structure. Fine roots are abundant, Grey organic residues can 
be seen. There are also few, fine and medium pieces of gravel. 
This soil demonstrates a strong reaction with 10$ hydrochloric 
acid; pH = 6.7. The lower boundary is undulating and gradual. 
Lab. No. 4459: Depth 6 to 26 inches. 

The soil is a somewhat firm dark brown (7.5 YR 3/2 moist) 
clay; speckled with dark coarse sand grains (fine and common), 
containing mixed gravel of a fine and medium size; with a weak 
to moderately developed sub-angular blocky structure of medium 
sized peds. Medium sized pebbles of caliche are rare. There 
are few fine roots. This soil demonstrates a strong reaction 
with 10$ hydrochloric acid; pH 6.7. The lower boundary is 
even, but diffuse. 
Lab. No. 4460: Depth 26 to 48 inches. 

The soil is a dark brown (7.5 YR 3/2 moist) firm clay, 
having darker faces on the peds, which are moderately developed 
ccirse sub-angular blocky. Considerable clay cutans are evident. 
Roots are rare. With the mixed gravel (of a few; fine and medi-
um units) are occasional medium sized lime spots. There are 
also a few old white root channels. This soil demonstrates a 
strong reaction with 1C$ hydrochloric acid: pH * 6.7. 
Lab. No. 4461: Depth 48 inches plus. 

The soil is a reddish brown (5 YR 4/4 moist), slightly 
firm clay, more or less structureless, with abundant red, grey 
and blue mottling with accompanying faces on the peds. Very 
occasional black root channels are also present. Abundant 
caliche pebbles of a wide size range constitute a considerable 
part of the matrix, but conditions in the field indicate that 
this layer should have a rather rapid permeability. The 
caliche tends to increase with depth. Large lime spots are 
common, and the soil demonstrates a moderate to strong 
reaction with 1Q£ hydrochloric acid. pH - 6.7. 
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Frown Non-saline. Alkaline Clay Pit Ref. RuAjE. Lab.No.4406 to 4408 
Depth 
Inches 

Sand 
TEXTURE % 

Silt Clay 
pK 1:5 

Ho 0 

%C 

KC1 
ppm 
P 

CEC 
ME/lOOg 
SOIL 

EXCHANGEABLE BASES 
ME 100g SOIL 
Ca M K Na 

EXCH. 
Na % 
(Eg) 

0 - 7 27 18 55 8.9 7.7 1.7 0.2 5 58.5 25.6 6.2 6.1 0.9 1.5 

7 - 2 8 19 12 69 8.9 7,5 - - 0 60.0 23.4 8.4 2.1 1.7 2.8 

28 - 65 17 12 71 9.4 7.1 - 0 58.5 11.3 10.8 1.9 9.0 15.4 

Depth 
Inche s 

ECe 1:5 
Mlmhos 

ECe Sat. 
mlmhos 

COMPOSITION 1:5 
ME/LITRE 

Hg 0 EXTRACT 
cm cm Ca Mg K Na CI so4 co3 HCO3 

0 - 7 0.3 2.0 0.55 0.40 0.55 0.95 0.98 0.02 0.45 2.30 
7 - 2 8 0.3 1.0 0.27 0.32 0.04 1.55 0.48 0.02 0.50 2.10 

28 - 63 0.7 1.0 0.05 0.0 0.06 6.15 0.44 0.12 1.54 4.60 
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TABLE 2 b. 
Brown Non-saline Alkaline Clay Map Symbol III 

TEXTURE % pH 1:5 f C ppm CEC EXCHANGEABLE BASES EXCH. 
Silt Clay HoO KC1 P ME/lOOg ME/lOOg SOIL Na % * SOIL Ca Mg K (ESP) 

MEAN 1 19 58 8.7 7.2 1.5 12 53 25 5 6 1.5 

MEAN 2 15 66 9.0 6.9 - 1 52 16 9 2 12.4 

l i 

ECc 1:5 ECe Sat. COMPOSITION 1:5 SgO EXTRACT 
Mlmhos mlmhos ME/LITRE 
cm cm Ca Mg K 

f ^ 

Na CI SO4 C03 HCO3 

MEAN 1 0.4 1.4 0.6 0.5 0.6 1.0 1.1 0 0.8 2.4 

MEAN 2 0.7 0.5 0 0 0.1 4.6 0.3 0.1 1.4 3.6 
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Pit Location R15A4 E. 

Soil Profile: Reddish Brown Non-saline Non-alkaline clay. 
Relief - Plane. 
Rooting Depth - 19 inches. 
Maximum Rooting Density - 0 to 5 inches. 
Vegetation Cover - Weeds and Maize. 
Land Use: - Maize Cultivation. 
Map Symbol: IV. 
Lab. No. 4425: Depth 0 to 10 inches. 

The soil is dark reddish brown (5 YR 3/5 - moist) 
clay; soft, with a weakly developed subangular blocky 
and crumb structure. Fine roots are common. There is 
no reaction with 1 % hydrocloric acid. pH = 7.1. The 
lower boundary is gradual and undulating. 
Lab .No. 4423: Depth 10 to 54 inches. 

The soil is a dark reddish brown (2.5 YR 2/4 moist) 
friable clay with common faintly dark mottles. It has a 
weakly developed, medium sized sub-angular blocky 
structure, and contains few fine units of gravel and red 
flakes of stone. The roots are fine and few and a certain 
proportion of these are decaying. Coarse but faint lime 
spots are also present. Below 15 inches there is a 
moderate reaction with lOPt hydrochloric acid; from 10 to 
15 inches there is only a slight reaction. pH = 6.9. 
The lower boundary is even and gredurl. 
Lab. No. 4427: Depth 34 to 47 inches. 

The soil is a dark reddish brown (5 YR 3/4 moist) 
firm clay with dark mottling and red speckles. It has 
a weakly developed, fine to coarse sized, sub-angular 
blocky structure and the horizon becomes very moist with 
depth. It contains common units of a fine gravel, and 
rare medium sized lime spots. The peds have brown cutans. 
Roots 

Reaction with hydrochloric acid 
varies from moderate to strong. pH - 6.9. The lower 
boundary is undulating but abrupt . 

Below 47 inches are found more than 5Qt units 
of caliche. 
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TABLE 3 a 
Reddish Brown Non-saline, Non-alkaline Clay Pit Ref. R16A4 E. Lab, No. 4425 to 4427 

Depth TEXTURE % yEL 1:5 % C % N ppm CEC EXCHANGEABLE BASES EXCHANGEABLE 
Inches Sand Silt Clay HOg KC1 P ME/lOOg ;*E/lCOg SOIL Na % 

SOIL Ca Mg K Na (ESP) 
0 - 10 19 24 59 9.1 7.1 1. 0.16 50 46.8 19.6 4.9 4.4 0.5 

^ w 

1.1 
10 19 18 63 6.9 • — 11 45.8 20,4 4.3 3.2 0.6 1*3 
54 - 47 17 16 67 8.5 6.9 » - 4 46.8 23.4 7.0 1.5 0.7 1.5 

COMPOSITION 1:5 HgO EX' IRACT 
Depth 
inches 

ECe 1:5 
mlmhos 

ECe Sat 
mlmhos Ca Mg K Na CI SO4 CO 3 HCO3 cm cm Ca Mg K Na CI SO4 CO 3 HCO3 

0 -10 0.1 0.6 0.02 0 0.25 0.30 0.16 0.10 0.20 1.45 
10 - 34 0.2 0.42 0 0.15 0.40 0.38 0.02 . 0.40 2.08 
34 - 47 0.3 0.7 0.42 0.36 0.04 0.50 0.44 0 0.45 1.98 
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TABLE 3 Id 

Reddish Brown Non-saline, Non Alkaline CI 

MEAN 1 

MEAN 2 

TEXTURE % 
Silt Clay 

IE 1:5 
H2O KC1 

23 8.6 6.6 

17 59 8.5 6.6 

% C 

1.3 

ppm 
P 

29 

9 

CEC 
ME/lOOg 
SOIL 

EXCHANGEABLE BASES 
ME/100 e SOIL 

47 19 

46 19 

4 

5 

6 

4 

EXCHANGEABLE 
Na # 

1.4 

1.1 

MEM 1 

EC* 1:5 
cm 

ECe Sat 
mlnihos 
cm 

0.3 1.4 
Ca 
0.5 

COMPOSITION 1:5 He 
, ME/LI 

Mg K Na 
0.1 0.6 0.7 

CI 

1.0 
SO4 COff H C Q3 

0 0.4 1.4 

MEAN 2 0.3 0.8 0.4 0.2 0.3 0.4 0.3 0 0.4 1.9 
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Soil Profile: Reddish Brown Saline Clay with 
Caliche in top 40 inches. Pit 
location Rg A3 E. 

Relief - Plane. 
Rooting Depth - 23 inches. 
Maximum Rooting Density - 0 to 5 inches. 
Vegetation Cover - 100 f 

Grass 90 % Cynodon dactylon 80 % 
Cenchrus ciliaris 10 % 

Herbs 10 %.Abutilon mauritianum, Achyranthes 
aspera, Coccinia sp., Commelina sp., 
Justicia flava, Cissus quadrangularis, 
Pluchea dioscoridis, Ocimum hadiense, 
Solanum campylacanthum, Pupalia 
lappacea. 

Bush: Acacia tortilis spirocarpa, Cassia 
bicapsularis, Maerua sp. 

Land Use - Severe grazing. 
Map Symbol - VII 
Lab. No. 4571: Depth 0 to 6 inches. 

The soil is a dark reddish brown (5 YR 3/3 
moist) clay, friable with a cruirjj structure. Fine 
roots are abundant and there is much organic matter. 
The reaction with 1® hydrochloric acid is slight; 
pK = 6.4 The lower boundary is even and diffuse. 
Lab. No. 4572: Depth 6 to 23 inches. 

The soil is a dark reddish brown (5 YR 3/3 
moist) clay, with a weakly developed madium and 
fine sub-angular blocky structure. Slight cutans 
are evident as'are few, large caliche pebbles. 
Fine roots are common. There is a moderate 
reaction with iff hydrochloric acid below 20 inches; 
pH = 6.4. The lower boundary is irregular and 
abrupt. 

Below 23 inches; Caliche. 
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TABLE 4 a (1) 
Broviii Saline Pit Ref: R2A3E Lat. No.4371 to 4372 

Depth TEXTURE $ jH 1:5 ppm GEC EXCHANGEABLE BASES EXCH, 
Inches Sand Silt Clay HpO KC1 % C f N P ME/100g ME/100g' Na % 

* SOIL Ca Mg K Na (ESP) 
0 - 6 19 16 65 8.1 6.4 1.36 0.13 28 48.0 17.2 4.9 7.5 0.7 1.4 

6 - 23 27 12 61 8.0 6.4 - - 18 48.8 22.0 6.0 3.5 0.9 1.8 

Depth 
Inche s 

ECe 1:5 
mlmhos 

ECe Sat. 
mlmhos 

* COMPOSITION 1:5 H20 EXTRACT 
ME/LITRE 

• 

- cm cm Ca Mg K Na CI SO4 cos HCO3 

0 - 6 0.6 3.5 0.68 0.26 1,30 1.30 3.36 0.20 0 1.55 

6 - 2 3 1.2 8.1 1.82 1.56 0.39 3.45 7.48 1.74 0 1.80 
# 

t 
T 



" 3 0 - c TABLE 4 a (ii) 

Reddish Brown Saline Clay 
with Caliche iri top 40 inches 
and surface devoid of vegetation. Lab. No. 4512 to 4513 

Depth 
inche s 

TEXTURE H pH 1 : 5 EC 1 : 5 
mlmhos 
cm 

ppm 
P 

Depth 
inche s Sand Silt Clay H2O KC1 

EC 1 : 5 
mlmhos 
cm 

ppm 
P 

0 - 1 * 3 1 2 0 4 9 7 . 8 6 . 6 5 . 1 1 9 

1 2 - 2 4 2 9 1 4 5 7 
_ ] 

8 . 5 6 . 5 1 . 1 3 

CONTD/31.. 



Soil Profile: Reddish Brown Saline Clay with Caliche 
below 40 inches. Pit Location R2 A^ E. 

Relief - Plane. 
• M l A P l B M l l M l p i t 

Rooting Depth - 45 inches. 
Maximum Rooting Density - 0 to 9 inches. 
Vegetation cover - 100 . 

Bush: 20/c, Dobera glabra, Maerua sp.10,. 
Acacia mellifera mellifera 2Q&. 

Herbs:l(J;c including Talinum portulacifolium, 
Neuracanthus scaber, Disperma sp., Achyranthes aspera, 
Hibiscus flavifoLLus Ornithogalum longibracteatum, Cissus 
quadrangular is. 

Grass 6Q£; Cynadon plectostachyus. 
Land Use - Nil 
Map Symbol - V. 
Lab. No. 4474: Depth 0 to 8 inches. 

The soil is a dark reddish brown (2.5 YR 2/4 moist) * 
clay; soft, with a weakly developed sub-angular blocky and 
crumb structure of fine sized peds. Fine and medium 
roots are abundant. There is no reaction with 1QS 
hydrochloric acid; pH - 6.9. The lower boundary is clear 
and tongues into the second horizon. 
Lab. No. 44-75: Depth 8 to 28 'inches. 

The soil is a dark reddish brown (2.5 Yft 3/4 moist) 
clay; hard, with a moderately developed sub-angular blocky 
and crumb structure of fine and medium sized peds. Very 
slight clay coatings are evident. Fine and medium roots 
are common. The soil tastes salt. There is no reaction 
with 10/c hydrochloric acid; pH = 6.7. The lower boundary 
is even and gradual. 

Lab. No. 4476; Depth 25 to 45 inches. 
The soil is a dark reddish brown (2.5 YR 3/4 moist) 

clay; hard, with a moderately developed sub-angular blocky 
- and crumb structure of fine and medium sized peds. Slight 
i'̂ Lay coatings are evident. Fine roots are common. The 
Asoil tastes salt. There is moderate reaction with 1QJS 
I hydrochloric acid; pH = 6.6. The lower boundary is 
i ̂ brupt and irregular. 

Below 45 inches; Caliche 

a 
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Reddish Brown Saline Clay with Caliche "below 40 inches Pit Ref. R-.3A.4B Lah No. 4474 to 4i76 
Depth 
inches 

TEXTURE 5c 
Sand v Silt Clay 

pH 1:5 % 
E20 KCl 

C %N ppm 
P 

CEC 
ME/lOOg 
SOIL 

EXCHANGEABLE BASES 
ME/lOOs SOIL 

Ca Mg K Na 
EXCH. 
Na 
(ESP) 

0-8 19 17 64 8.3 6.9 1.01 0.13 106 43.5 10.0 4.0 6.2 0.25 0.6 
8-28 25 15 60 7.4 6.7 — 32 41.2 9.3 3.7 4.8 0.6 1.5 
28-45 25 23 52 7.6 6.6 — 50 46.0 13.2 5.0 5.8 2.7 5.9 

Depth 
inches 

ECe 1:5 
mlmhos 

ECe Sat 
mlmhos 

COMPOSITION 1: 
ME/LITRE 

5 EXTRACT 
cm cm Ca Mg K Na CI so4 co3 HCO3 

0 - 8 0.1 0.6 0 0 0 . 52 0.30 0.27 0.20 0 1.22 
0 -28 5.6 7. 72 3.45 1. 68 4.0 25.96 0.70 0 1.40 
228-45 3.8 20.4 3. 0 2.5£ 1. 60 14.80 23.0 2.43 0 1.30 

CONTD/33..• 
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TABLE 4 "b ( U ) - 33 -
Section through a Termite Mound PitRef. La"b. No*4488 to 4489 

Depth 
inches 

TEXTURE % 
Sand Silt Clay 

pH 1:5 
H20 KC1 

% C * N PI 
P 
RU CEC 

ME/lOOg 
SOIL 

EXCHANGEABLE BASES 
E7l00g SOIL 

Ca M£ K Na 
EXCH. 
Na % 
(ESP) 

0 - 12" 30 24 46 8.0 6.4 0.50 0.17 40 41.2 12.1 3.1 5.8 1.1 2.5 
12 - 38' 30 20 50 7.6 6.4 33 35.5 9.4 3.5 5.9 2.1 5.9 

Depth 
inches 

ECe 1:5 
mlmhos 

ECe Sat 
mlmhos . • 

COMPOSITION 
• j f T r i / r * r r 

1:5 EXTRACT 
• 

cm cm Ca Mg K Na CI SO4. CO* HCOs • 
0 - 12" 1.8 1.74 0.75 1.52 3.70 7.02 1.65 0 1.76 

12 - 38' 4.0 — 3.84 2.50 2.40 14.0 24.44 2.80 0 1.70 
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( 0 TABLE 4 h ( 
Reddish Brown Saline Clay Map Symbol V & VI 

TEXTURE % 
Silt Caly 

T£ 
H20 

1:5 
KCl 

% C ppm 
P 

CEC 
ME/lOOg 
SOIL 

EXCHANGEABLE BASES 
ME/IOOR SOIL 

Ca Mg K 
EXCH. 
Na H 
(ESP) 

MEAN ) 
)1 

RAN®) 
17 

13-24 
60 

54-69 
8.0 

7.2-9^0 
6.7 

6.2-7.6 
1.2 55 

1-258 
45 

53-49 
15 
8-29 

3 6 
2-5 4-7 

1.6 
<0.-7 

MEAN ) 
)2 

RANGE) 
20 

13-26 
58 

49-69 
8.0 

7.0-9.1 
6.6 

6.1-7.1 
50 

Tr-78 
42 

32-50 
14 
9-22 

6 5 9.8 
2-12 3-7 ^1-28 

$Ce 1:5 EGe SAT COMPOSITION 1:5 H2O EXTRACT 
mlmhos ME/Litre 
cm cm Ca Mg K Na CI SO4 CO 3 HCO3 

MEAN ) 0.9 1.2 0.2 0- 0.7 0.7 0.9 0.3 0.1 1.3 
RANGE ) 0*1-2.6 0.5-3.5 0-1.1 0-0.3 0.3-1.3 0.2-2.0 0.2-3%4 0-1,2 0-0.4 0.8-2.1 
MEAN ) 3.3 l U h U 7 1.4 0.9 15 "l7 ~ oTi D T 

) 2 
RANGE ) 0.3-9.6 0.7-28.2 0-4.6 0-5 0.2-1.8 0.5-58 0.5-54 0-7.4 0-1.0 0.9-2.8 



Pit Location R^g 
Soil Profile; Reddish Brovm Saline Clay with Ground Water 
„significantly influencing the Profile. 
Relitff - Plane 

i mmHhmmm 

Rooting Depth - 72 inches. 
Maximum Rooting Density t 0 to 6 inches. Vegetation Cover - 100 >. 

40% Bush Dobera glabra 20 5,., Azima tetracantha 10 7b. Also 
Acacia tortilis spriocarpa, Cadaba ruspolii, Commiphora sp., Cassitt 
bicapsularis, Cissus rotundifolia. 20% Herbs - A'butilon maritianum 
10 5b, Indigofera tinctoria 10%, Also Indigofera schimperi, 
Justicia flava, Ruellia patula, Sonchus excauriculatus, Pluchea 
ovalis, Cissus quadrangularis. 40% Grass - Cynadon plectostachyus 
40 also Cenchrus ciliaris. 
Land Use - Nil. 

s 

Map symbol - None. 
Lab No. 4440: Depth 0 to 4 inches. 

The soil is a dark reddish brown (5 YR 3/4 - moist) clay, 
varying from soft to slightly hard consistence, with a moderately 
developed crumb and sub-angular blocky structure. Fine to large 
roots are abundant. No reaction with 10% hydrochloric acid; pH = 
7.1. The lower boundary is clear but undulating. 
Lab No. 4441: Depth 4 to 8 inches. 

The moist soil is a dark reddish brown (2.5 YR 3/4) friable 
clay with a weakly developed crumb and sub-angular blocky structure. 
The soil tastes salt and salt crystals are visible on the ped 
surfaces. There are also clay cutans on the peds. Pine and medium 
roots are abundant. No reaction with 10% hydrochloric acid; pH = 
7.1. The lower boundary is clear am even. 
Lab Nt« 4442: Depth 8 to 33 inches. 

The moist soil is a dark red (2.5 YR 3/6) but speckled friable 
clay with a moderately developed, medium and coarse sized sub-
angular blocky structure. The speckles are black, and possibly 
are incipient manganese concretions. Black deposits aling root 
channels are common. There are also common black manganese con-
cretions, and few very fine units of gray. 1. Pine and medium roots 
are common. The soil tastes salt. Very fine white salt crystals 
are common. There is a very slight reaction with 10 % hydrochloric 
acid; pli = 6.8. The lower boundary is even but diffuse. 
Lab No. 4443: Depth 33 to 52 inches. 

The moist soil is a dark reddish brown (2.5 YR 2/4) very 
friable and structureless clay with very slight cutans on the ped 
faces. Very faint grey and red mottling is abundant. Very fine 
black manganese concretions occur occasionally. The soil tastes 
salt but no salt crystals are visible. There -re fev fine and 
medium roots. There is a moderate reaction villi 10 > hydrochloric 
acid; pH = 6.8. The lower boundary is even and gradual. 
Lab No. 4444: Depth 52 to 72 inches 

The wet soil is a dark red (2.5 YR 3/6) structureless clay. It 
is very slightly sticky, but non-plastic. There are a few units of 
medium sized caliche. There are also a few fine and medium roots. 
The reaction with 10 hydrochloric acid v-ries from slight to 
moderate; pH = 7.1. The lower boundary is irregular and abrupt. 
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Below 72 inches is wet 
is highly saline. Table 4 c 
data for the ground water. 

caliche, 
(i) below 

The ground water 
gives the analytical 

TABLE 4 C (i) 

PH 

Ground Water Location Ref. R^g Ag E 

EC© 
millimhos 
/cm 

Composition of the water 
ME/Litre 

Ca Mg K Na 

Sodium 
absorption! 
Ratio | 

ci s e 4 NO3 c e 5 HCO3 (SAR) 

8.2 9.0 0,42 1.09 1.03 45.0 6.58 11.73 0 1.86 14.36 51 

O 

CU 
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TABLE 4 c (ii) 

Reddish Brown Saline Clay with Ground Water 
Significantly influencing the Profile Pit Ref Ri6 Aq E Lab. No. 4440 to 4444 

Depth 
Inches 

TEXTURE % 

Sand Silt Clay 
Tfi 1:5 

H20 KC1 
* C f N ppm 

P 
CEC 
ME/lOOg 
SOIL 

EXCHANGEABLE BAi 
ME/100g SOIL 

Ca Mg K 
3ES 
Na 

T j V V f l T T rî on * 
Na % 
(ESP) 

0 - 4 23 20 57 8.0 7.1 1.68 0.22 45 38.0 17.2 1.9 5.9 0.8 2.1 
4 - 8 25 14 61 7.5 7.1 14 32.0 12.8 1.1 5.6 2.8 8.6 
8 - 3 3 23 22 55 7.2 6.8 — — 15 32.0 11.7 1.7 5.0 6.0 18.8 
35 - 52 17 22 61 9.3 6.8 — - *9 33.5 7.0 2.0 3.8 8.8 26.2 
52 - 72 17 26 57 9.5 7.1 20 34.5 6.1 1.8 3.5 9.6 27.8 

Depth 
inches 

ECe 1:5 mlmhos 
ECe Sat 
MlShos 

COMPOSITION 1:5 H2O EXTRACT 
ME/LITRE Depth 

inches cm cm Depth 
inches cm cm 

Ca Mg K Na CI S04 C03 HCO3 
0 - 4 0.4 1.7 0.63 0 0.84 1.45 0.8 0.02 0.65 2.57 
4 - 8 1.6 1.02 0 0.96 7.40 8.24 1.80 0 1.10 
8 - 3 5 3.4 21.4 1.84 0 1.04 21.24 22.20 3.48 0 1.06 
35 - 52 2.7 — 0.21 0 0.21 22.35 13.30 3.64 1.45 3.90 
52 - 72 1.8 8.5 0.10 0 0.08 14.20 3.32 2.16 0.90 2.80 
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MEAN 1 

MEAN 2 

TABLE 4 c (133) 

Silt 
TEXTURE $ 

Clay 

18 

21 

60 

58 

TH 1:5 
H20 KCl 

8.5 6.7 

8.4 6.7 

£ C PPU 
P 

1.5 44 

14 

influencing 

CEC 
ME/I00g 
Soil 

EXCHANGEABLE BASES 
SOIL 100 

Ca Mg 

38 14 3 

36 12 4 

K 

6 

5 

EXCH 
Na ft 

11 

17 
W+4 

MEAN 1 

ECe 1:5 mlmhos 
cm 

0.3 

ECe Sat 
mljohos 

cm 

l . o 

Ca 

0.2 

Mg 

0 

COMPOSITION 1:5 HgO EXTRACT 
ME/LITRE 

K Na CI 

0.5 1 e 2 0.7 

SO4 

0.1 

C03 

0.2 

HCO3 

1.6 

MEAN 2 1.7 14.8 1.5 0.4 0.7 19.0 17.0 3.8 0.1 1.4 
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APPENDK 4 
SOIL PERMEABILITY EXPERIMENTS 

Experimentation was performed on (I) Undisturbed soil cares 
in the laboratory and (II) Soil horizons in the 

field. 

These provide some indication of initial 
infiltration rates and ultimate soil permeability, 
inadequate permeability is not only undesirable from 
the point of view of the plant roots, but also may 
prevent leaching or lead to an increase in salinity 
over the yearse Excessive permeability on the other 
hand would increase' the effective water consumption, 
thereby raising costs of production. 

Results indicate that initial infiltration rates 
(for the first half an hour) are moderately slow (120-
500 a.m. per 24 hours) on the Reddish Brown Clays 
regardless of whether they are saline and alkaline or 
not. As leaching procedes, permeability gradually 
falls in both the saline-alkali clays and the saline, 
non-alkali clays. Permeability rates after 16 hours 
of leaching are generally slow (around 100 num. per 
24 hours); some of the saline and alkali reddish 
brown clays showed a very much greater decrease in 
permeability than others. Clearly the saline and 
alkali clays in the South East of Kamleza North are 
in a critical condition in the sense that a slightly 
higher alkali content or a specific variation in 
clay content may lead to clay dispersion after leaching 
and the development of impermeable layers. 

The analyses of the Brown Saline - Alkali clay 
clearly show that these soils are unsuitable for 
irrigation agriculture. A test was, however, carried 
out on the Brown Non-Saline, alkali clay. Permeability 
after 5 hours leaching was 8.6 m.m. per 24 hours (the 
minimum desirable permeability = 30 m.m. per 24 hours). 
After 21 hours, permeability had further decreased to 
3.4 m.m.per 24 hours. After several days permeability 
was practically nil. These soils would require careful 
treatment and are therefore not recommended for use 
under irrigation. They would however be capable of 
growing somewhat indifferent crops without irrigation. 
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APPENDIX 5. "SOIL CONDITIONS" IN RELATION TO BANANA GROWTH0 

The banana requires a relatively deep, well drained loamy 
soil. Jacob and Von Uexkull (1960) state that "with adequate 
irrigation and fertilizer treatment light permeable soils are 
greatly preferable to heavy ones" . Heavy soils should be in 
excellent structural condition to ensure good drainage and 
deep rooting. The best soils have an optimum pH range of 6.5 
to 7.5 (Jacob and Von Uexkull, 1960). It is well known that 
low pH levels favour the spread of Panama disease, but 
Simmonds (1959) considers that "mhere Panama disease is not 
serious or where resistant clones are cultivated, it would 
seem that pH, within wide limits, is unimportant1*. The Institute 
Francais de Recherehes Pruitieres Outre-mer (hereafter referred 
to as I.F.R.F.) has found that the banana can tolerate a wide 
range of pH, from 4.5 to 8.0. Experience in Ecuador has shown 
that bananas do well within pHs. of 7 to 8, provided the soil 
structure permits good drainage. In the Jordan valley, 
Cavendish bananas are grown economically on soil with up to 40$ 
lime and a pH of "8 and ovei* . Alkali chlorosis, causing a 
condition known as "plant failure", has been reported from 
Haiti (Wardlaw, 1961) on soil of pH 7.5 to 9.2. Wardlaw 
considers that the symptoms of alkali chlorosis may be due to 
essential nutrients being rendered unavailable by the alkali 
complex" but are also a direct result of alkali toxicity 
possibly caused by soil bicarbonate. 

There seems to be general agreement over the need for good 
drainage, though this requirement appears to be subject to 
varity differences. It is reported from Fiji that with a 
water table above 3 feet Veimama bananas suffered decreased 
growth whereas healthy stools of Cavendish and Lady's Finger 
existed even where the water was within 2 feet of the surface. 

The cropfs water requirements are especially high. 
Simmonds (1959) recommends water applications every 5 to 10 
days. In the Jordan valley, Cavendish bananas require about 
5Cpb extra irrigation water over and above the calculated 
water requirement. It is suggested that this additional water 
is necessary not only to maintain the concentration of salts 
at a favourable level (the leaching requirement), but also 
to reduce soil temperature. A report from the U. S. 
salinity laboratory (Riverside, California) also points out 
that the soil temperature may be involved in crop responses. 

Under the conditions of the Jordan valley, the range between 
field capacity and two thirds of total available water 
constitutes the optimum range of soil moisture for Cavendish 
bananas. Between successive water applications, the moisture 
content of the root zone may drop below the optimum range; 
the longer the duration of sub-optimal conditions, the greater 
the loss of assimilation products. Application of the 
Blaney-Criddle formula to Taveta conditions (assuming a mean 
temperature of 70° to 7&°F; with a banana consumptive use factor 
of 0.95) would suggest that the monthly water requirements 
will be of the order of 5.8 inches. 
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lbs/acre Nutrients removed "by crops of varying yield 
Crop Yield 
Tons per 
acre 

N lbs per acre 
K2° 

per year 
p2 °5 

30 56 201 18 
12 No data 170 13 
6 tt 85 6 
3 t? 43 3 

The loss of organic matter resulting from lowered 
fertility or excessive cultivation can he serious since this 
leads to degenerate structure and consequent impeded drainage. 
Nitrogen (N; is often the first nutrient to lomit yields, and 
a loss of organic material may "be associated with loss of N. 
Heavy applications of trash mulch can mitigate this loss to 
some extent. N should be applied in as frequent and small a 
dressing as is economically feasible. 

Bananas require rich soils if consistently good yields are 
to be obtained,, This applies to all cultivated varieties, but 
to some more than others (Wardlaw, 1961). Removal of Potassium 
(K) is at a very high rate, whereas the plant intake of Calcium 
(Ca) is relatively low. Bananas are very sensitive to 
disquilibrium between the cations, and there is general 
agreement that the K: N and K: (Ca + Mg) ratios play an 
important role in banana nutrition, and in the quality and 
keeping properties of the product (Mg = Magnesium). According 
to Jacob and Von Uexkull (1960) the crop requires K at 
between 3 and 5 times the quantity of N. Excess K can, 
however, cause the disease 'yellow pulp1 (a premature yellowing 
and softening of the banana flesh), whilst some varieties of 
Cavendish are susceptible to fungus if the soils are deficient 
in K. In Guinea an optimum K:N of 1.3 to 1.7 is proposed. 
Work in Cameroon, however, suggests a K:N of 3 to 3.5. 

^ Ca and Mg may have a two-fold role in banana physiology: 
they act as nutrients, and also their ions tend to readjust 
disequilibrium caused by excess K. Wardlaw (1961) believes 
that, in practice, each soil should be treated as a separate 
problem with regard to ionic disequilibrium. 

Since the time taken to maturity is of great economic 
importance for the marketing.of an expert crop, it should 
be noted that maturity is usually hastened by applications 
of N, response varying up to a 2Q£ reduction of time to 
shooting. The rate may be depressed by applications of 
either P (Phosphate) or K in the absence of the other. 

Fertilizers should be placed close to the roots at the 
time of planting. 

.NUTRIENTS N 
4 

* * 

P 2 0 G K 2 O 

Lower limit of Adequacy in p.p.m. 1200 10 - 20 2 5 0 - 3 0 0 

Higher levels of K may be required if the. soils are 
alkaline, or contain much free lime. 

B Derived from. Simmonds (1959) 
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Management practices in Somalia include Crotolcria as a green j 

manure crop, guano and heavy doses of am ionium sulphate. 
In 1936, Jacobs proposed' 0.05 % salt as the upper limit of 

tolerance for bananas, which is equivalent to a soil electrical 
conductivity of around 1 millimho per cm (at 25°C). This proposal 
is supported by practical results in J arnica and in Honduras. 

Rather than salt content per se, the I.F.R.F, considers that 
the chloride content of the (dried) soil is the factor limiting 
yields, and proposes 50 milligrams of chloride per 100 grams of dry 
soil as the critical level (possibly equivalent to around 14 m.eq, 
per litre of saturation extract). In Jamaica, investigations 
(quoted in Wardlaw, 1961) have shown thr t bananas are particularly 
sensitive to the chloride ion, as when muriate of potash (KGl) is 
used excessively as a source of K. In the Jordan valley, Wardlaw 
reports that certain non-infectious diseases of bananas have been 
traced to excessive concentrations in the soil of chlorides and 
bicarbonates of sodium, Together with excessive humidity and over-
irrigation; in low-lying areas bananas were killed.* In Somalia, 
however, bananas are regarded as being more sensitive to Calcium 
and Sulphate ions than to sodium or Chloride. 

Pot experiments on Musa sapiens at Riverside showed that its 
leaves are injured by salts of both chloride and sulphate. Thus 
marginal leaf burn may be regarded as a general salinity effect 
rather than one caused specifically by chloride. M.sapiens is 
reported as suffering "minor leaf burri* at 4 millimhos/cm, though 
M.ensete, the inedible African banana, suffers injury at 2.5 
millimhos. Under Californian conditions, therefore, it would appear 
that bananas are relatively salt sensitive, but that there are 
considerable varietal differences in salt tolerance. This general 
result is confirmed with Musa cavendishii (Dwarf Cavendish) in 
Somalia. 

Banana plantations in Somalia on nfine textured" soils with an 
electrical conductivity of 8 to 9 millimhos have been abandoned 
after 5 years. These bananas showed evidence of leaf tip burn and 
marginal burnings with a general purplish appearance and unthrifty 
growth. Experience on the Guiba River (near Margherita, North of 
Chisimaio) with irrigated bananas has suggested the following 
tolerance limits 
Electrical Conductivity B Sodium. Adsorption Ration 
Millimhos per cm. _ ,...,. 
0 - 2 Excellent 0 - 10 Bananas unaffected. 
2 - 4 Yield slightly affected 10 - 15 Yield severely affected. 
4 - 8 Yield moderately affected. 

8 Yield uneconomic. 
The quality of the irrigation water is also Important: for good 

results in Somalia the salt content should have a conductivity below 
1.3 millimhos per cm., and should contain only low levels of sulphate. 

The I.F.R.F is, however, concerned with the chloride concen-
tration within the irrigation water, and has suggested that water 
containing up to 8 - 10 m.eq. Chloride per litre may be recommended 
for use. In the Jordan valley, however, the concentration of 
Chloride is permitted to reach 11 m.eq. per litre. In the view of 
the I.F.R.F. 2.3 millimhos per cm is the upper limit for irrigation 
water electrical conductivity. 

B Sodium Absorption Ratio = Na 
' _c a + M& 

~ ' " 2 " 
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LAND RESOURCES DEVELOPMENT CENTRE* 

The Land Resources Development Centre of the Ministry of Overseas Development 
assists developing countries in mapping, investigating and assessing land 
resources, and makes recommendations on the use of these resources for the 
development of agriculture, livestock husbandry, and forestry; it also gives 
advice on related subjects to overseas governments and organisations, makes 
scientific personnel available for appointment abroad and provides lectures 
and training courses in the basic techniques of resource appraisal and 
development. 

The Centre works in close cooperation with government departments, research 
institutes, universities and international organisations concerned with land 
resources assessment and development planning. 

*The name of the former Land Resources Division was changed to Land Resources Development Centre in 
June 1978. 

CENTRE DE DEVELOPPEMENT DES RESSOURCES DE LA TERRE* 

/ 

Le Centre de Developpement des Ressources de la Terre (l'un des organismes 
scientifiques du Ministere britannique de Developpement Outremer) apporte 
son aide aux pays en voie de developx^ement en matiere de cartographie, 
recherche et evaluation des ressources de la terre et fournit des recommandation 
quant a 11 exploitation de ces ressources pour le developpement de 11 agriculture, 
l'elevage et la sylviculture. Le Centre conseille egalement, dans les 
domaines annexes, gouvernmen.ts et organismes outremer, se charge de trouver 
du personnel scientifique pour les postes a pourvoir a l'etranger et organise 
des conferences et des stages de formation sur les techniques de base 
relatives a l1evaluation et la mise en valeur des ressources. 

/ / 

Le Centre travaille en etroite cooperation avec services gouvernementaux, 
instituts de recherche, universites et organismes internationaux s*occupant 
d'evaluation des ressources de la terre et de plans de developpement. 

*L'ancienne Division des Ressources de la Terre (Land Resources Division) a ete renommee Centre de 
Developpement des Ressources de la Terre (Land Resources Development Centre^en juin 1978, 
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NOTICE TO READERS 

This report is derived from a draft issued to the Nigeria Federal and State 
authorities in 1977. 

Readers concerned purely with administrative or policy decisions in relation 
to agricultural development will find in this volume a summary of the types 
of development considered and a brief account of the locations of the various 
development possibilities. There is also an introductory precis of the whole 
of the Executive Summary. 

The attention of readers is drawn to the section in Part 1 on the use of 
the present report and other associated documents on the £aduna Plains 
issued by LRDQ. 

Readers requiring more detailed information and discussion should consult 
Volume 5.B. 

Throughout this report the word •agriculture1 has been used in a broad sense 
to include crop production, range management and forestry. 
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Precis 

This report summarises agricultural development possibilities in an area 
referred to as the Kaduna Plains. The area, shown on the accompanying 
Separate Maps and on Text Map 5*3 in relation to administrative "boundaries, 
falls mainly within Kaduna State "but includes small sections of Niger, 
Plateau, Bauchi, Kano States and of the Federal Capital Territory. It is 
part of a much larger area in which land resources surveys have "been under-
taken as part of a British technical cooperation programme - See Text Map 5»1» 

The Plains contain large areas of land with considerable scope for agricul-
tural development. During the 5-6 month growing period, conditions are 
generally satisfactory for many annual crops; also for grass growth and for 
a small number of economic trees. The area is densely cultivated only near 
the northemand eastern borders, around Kaduna and in small areas in the 
south. Elsewhere, cultivation tends to be sparse, in particular in a large 
tsetse-infested belt* extending from the north-west to centre. Present-day 
agriculture is based on a labour-intensive, non-mechanised susbsistence 
economy in which sorghum, maize and yam play the most important part as both 
food and cash crops. 

There appears to be considerable room for extension of all currently grown 
crops, -especially in north-central and southern areas, the chief initial 
limitations being availability of labour and machinery over the growing 
period. " Similarly, there are areas where all the forms of agriculture 
under consideration caa be established. The most versatile and extensive 
areas i.e.-those in which most forms of development would be possible, 
largely occur in the southern and north-oentral parts of the Kjaduna Plains. 
Elimination of tsetse would extend the options for cattle husbandry in 
areas in the centre and north-̂ /est to make these equally versatile. 

A number of different types of agricultural development have been identified 
in consultation with State and Federal authorities. These are: 

1. Establishment of integrated agricultural development projeets 

2. Establishment of large mechanised farms 

*See Separate Map 2 where information on Glossina morsitans distribution is 
derived from Federal Livestock Department Map TTD334A, 1975 
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3. Improvement of traditional grazing 

4. Establishment of grazing reserves 

5. Establishment of cattle ranches and dairy faims 

6. Forestry development for timber production 

7. Forestry development for production of firewood and poles 

8. Establishment of new forest reserves for erosion protection 

The areas suitable for the different types of development are shown on 
Separate Map 4, on Text Maps 5*4 to 5.11 and in Table 2. Some areas which 
have few environmental limitations are suitable for more than one type of 
development so there may be a number of agricultural development options 
in one area. It. must be emphasised that the various development possibi-
lities have been assessed on environmental criteria: no attempt has been 
made to rank them on the basis of socioeconomic or political factors. 

Some types of agricultural development preclude other types and may also have 
consequences for the existing occupants of the area. For example, the 
development of an integrated agricultural development project might mean it 
is necessary to move settled fanners, but it may also be necessary to 
consider the needs of pastoral communities when traditional grazing areas 
are involved; development within a grazing area may affect both the pressure 
on adjacent land and the level of stocking in distant parts of the country. 
Thus a decision to undertake a specific type of agricultural development 
cannot be made by departments in isolation. 

Areas in which the limitations to the growth of maize, millet, sorghum, 
groundnuts, cotton and yams are at a minimum are shown on Separate Map 3 
and in Table 3« Although the information is generalised it is relevant 
to Operation Feed the Nation". 

The conclusions are based on extensive field work by a team of nine scientists 
over a period of 7 years. There is therefore a large amount of information on 
present land use,farming systems, rangeland, forestry, land forms, soils and 
natural vegetation, which is contained in supplementary reports (see p.xi). 
Consequently, detailed surveys for development projects undertaken in future 
should not require an extensive reconnaissance phase. 
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List of LRDC reports on the Kaduna Plains 

A full list is given below of the reports on the Kaduna Plains issued by the 
Land Resources Development Centre. They contain information for the 
specialist. They are obtainable only with the agreement of the Nigerian 
Government. 
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Part 1 introduction 

PREFACE 

In June, 1968, the Nigerian Government asked the British Government to 
investigate the land resources of parts of what were then the six northern 
States of Nigeria. The investigations have been undetaken by the Land 
Resources Development Centre of the British Government's Ministry of 

o 
Overseas Development. The project area covers almost 230 000 km . Its 
western and eastern boundaries are marked approximately by 7° and 10° 
longitude and it extends from south of the Benue Valley northwards to the 
border with the Niger Republic (Text Map 5*1)* 

The Kaduna Plains occupy some 17% of the project ar-ea and lie largely 
within the newly designat-ed Kaduna State, formerly North-Central State 
(Text Map 5.2). 

TEXT MAP 5.1 

LOCATION OF CENTRAL NIGERIA PROJECT 
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OBJECTIVES 

The objectives of the project are to investigate and describe the upland 
(non-floodplain) with particular reference to their agricultural development 
potential. More specifically, at the request of State and Federal authorities, 
an assessment has been made of the areas suitability for the growth of seven 
annual rainfed crops-maize, millet, sorghum, yams, rice groundnuts and cotton 
together with its rangeland and forestry potential. Agricultural develop-
ment in the more suitable areas has been considered in the context of improving 
and expanding existing agriculture and establishing new large-scale, capital-
intensive schemes. Mapping the areas where the environment offers the 
greatest scope for the above crops and forms of development was the final 
objective. 

METHODS 

From a study of aerial photographs the area was divided into units with 
similar landforms. Ground investigations of the soils and vegetation 
within these units, linked with climatic studies, enabled areas with the 
same pattern of climate, landform, soil and vegetation to be defined. 
Such • areas are called land systems,. These land systems are identified 
by numbers, are shown in Separate Maps 1 - 4 which accompany this report 
and are referred to whenever development possibilities are discussed. 

The environmental data for each land system were interpreted in terms of 
suitability for various, crops, grazing and forestry. This information, 
taken in association with studies of present land use was used to identify 
a number of development possibilities. More details of the methods used 
are contained in the reports listed on page xi. 

2 



LOCATION OF THE KADUNA PLAINS TEXT MAP 5.2 
9 ° 0 0 ' ]0°00' i r o o ' 

13 0 0 ' 

I2°00 ' 

i f o o ' 

- 7 0 0 ' 

6°15' 
7 ° 0 0 ' 9 ° 0 0 ' 1 0°0 0' 1 T O O ' 

Kilometres 
25 0 25 50 75 100 125 150 

I . . . . I I ! I I L I 
_ _ Project boundary 

Report area boundary 

D.O.S. 3271B Prepared and printed by Directorate of Overseas Surveys 1978 



FIELDWORK AND TEAM COMPOSITION 

Fieldwork in the Kaduna Plains started in October 1974 and continued 
until January 1977• Details of the progress of fieldwork have been 
given in 6 — monthly progress reports issued by the Land Resources 
Development Centre to the Federal Department of Agriculture. 

The project team included agriculturalists, ecologists, a forester, a 
rangeland specialist, geomorphologist and soil scientists. Details of 
the team composition which surveyed the Kaduna Plains are given below. 

Team 

Project manager I D Hill 1974-75 
J R D Wall 1976-77 

Agriculture J E Mansfield 1974-76 

P N Gosden 1976-77 

S Kalejaiye** 1976-77 

Ecology J Aliah* 1976 

R Rose-Innes 1975-76 

R M Lawton 1975 

Forestry W J Howard 1974-76 

Rangeland A Blair Rains 1974-76 

Geomorphology L J Rackham 1974-75 

Soil science A A Hutcheon 1974-75 

J G Bennet 1974-75 

W B Kerr 1974-75 

J Ibanga* 1975 

J Valette* 1975 

REPORTING 

As the project area is so large it has been divided into six major physio-
graphic regions,the Bauchi Plains, the JosHLsteau, the Jema'a Platform, the 
Benue Valley and the Kaduna and Kano Plains. These physiographic regions 
are shown on Text Maps 5«1 and 5*3 in relation to state and administrative 
boundaries. Each region has been reported on separately. 

* Staff of the Institute of Agricultural Research, ABU Samaru 
**Staff of the Federal Department of Agriculture 
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The agricultural development possibilities in each region are discussed in 
separate volumes of this Land Resource Studey: the six volumes are listed 
on p.v. 

Environmental data collected during the survey for each of the major 
physiographic regions is contained in a series of reports published by 
this Division; those relating to the Kaduna Plains are listed on p.xi. 
The list also includes reports dealing specifically with farming systems 
rangeland and forestry for the whole project area* 

USE OF THE REPORTS 

Land Resource Study, Volume 5A, The Kaduna Plains, Executive Summary 

This summary will be of use to administrators in deciding development 
possibilities. Following discussions with Federal and State authorities, 
the report has been structured so that it can be used in three ways: 

1. Selection of areas for a particular type of agricultural 
development 

2. Selection of areas for increasing the production of a given crop 

3. Selection of types of agricultural development within particular 
administrative units 

1. Selection of areas for a particular type of agricultural development 
The types of development are summarised in Table 1 and discussed more fully 
in the main report. The areas in which the environmental limitations to 
particular types of development are at a minimum are shown on Text Maps 5*4 
to 5.11. They can be located more specifically by reference to Table 2, 
where the areas are identified by land system numbers which are shown on 
the separate maps accompanying Volume 5B. 

2. Selection of areas for the production of particular crops Areas in 
which the environmental limitations to the growth of particular crops are 
at a minimum are listed in Table 3 in relation to administrative units. 
They are identified more specifically by land system numbers which are 
shown on the separate maps. 

Selection of types of agricultural development within particular 
administrative, units Table 2 shows the location of particular types of 
development in relation to administrative units. Similarly Table 3 shows 
land systems for the production of specific crops in relation to administra-
tive units. The administrative units are shown on Text Map 5*3 
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TEXT MAP 5.3 
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Using the report in one or all of these three wayp enables a number of 
agricultural developments to be identified. They have been assessed on 
environmental criteria and no attempt has been made to rank them in 
economic terms. The further action necessary to decide which of the 
development possibilities should be implemented is outlined in Part 2. 

Land Resource Study. Volume 5B, The Kaduna Plains 

This volume will -be of use to technical and planning officers concerned 
with the formulation of plans or responsible for the implementation of 
planning decisions. It contains general information about the environment and 
more detailed environmental and present land use data in relation to 
development possibilities. It also contains a discussion of the various 
types of development and the areas in which these could be located. 

Land Resource Reports and Miscellaneous Reports 

These reports are listed on p.xi land Resource Reports 9» 17, 18 and 22 are 
for the use of technical and planning officers; they contain more detailed 
assessments of forestry, present land use, cattle production and limitations 
to crop growth than are contained in the Land Resource Studies. The 
remaining Land Resource Reports and Miscellaneous Reports should be of use 
to specialists concerned with implementation of particular projects as they 
• oontain detailed environmental information. 

* 

ADMINISTRATIVE UNITS 

The boundaries of the new States aamounoed in January 1976 have been derived 
from Federal Surveys 1 :1 500 000 map of Nigeria (1976). Data have been 
referred to Local Government Areas in all States. The boundaries of these 
Divisions have been derived from the best available published maps. (See 
Text Map5«3) 
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Part 2 Summary of agricultural development 
possibilities 

TYPES OF AGRICULTURAL DEVELOPMENT 

Different types of agricultural development have been considered with 
reference to the Third National Development Plan, 1975-80, and after 
discussions with Federal and State authorities and the staff of research 
institutes in Nigeria. 

The definitions summarised in Table 1 are based on these discussions and 
experience of similar development projects in Nigeria. They are more 
fully discussed in Volume 5B. 

Significant factors concerning agricultural development on the Kaduna 
Plains are as follows: 

1. Extensive areas are environmentally suitable for several major crops 
large-scale mechanised farming, rural development projects, cattle 
and forestry. 

2. The cultivation density, and hence inferred population, is low 
except on the borders with the Kano Plains, Jos Plateau and around 
Kaduna 

3. Tsetse fly remains to be eradicated over central and north-western 
areas 

4. The existing densely settled and cultivated Kano Plains immediately 
to the north and the establishment of the Federal Capital Territory 
immediately to the south will create increasing demands for.food, 
grazing, firewood and manure/compound refuse (fertiliser) from the 
Kaduna Plains 

5. The climate, specifically the length of the rainy period, is inadequate 
for yams in the northern plains and for certain forestry plantation 
species 
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TABLE 1 Ttypes of agricultural development 

Qtype of development Summary definition of development 

1. Integrated 
agriculture 

(a) In densely-
cultivated areas 

Establishment of integrated agricultural development projects aimed at increasing existing agricultural production per ha lay 
improving infrastructure (communications, supply of agricultural inputs, produce marketing, credit facilities and. extension 
service coverage). Run by a semi-autonomous project authority and making use of self—help wherever possible. Allied to general 
improvement of social services. 1. Integrated 

agriculture 
(b) In sparsely 

cultivated areas As above but also able to increase production by increasing the area under cultivation and/or introducing 'mixed fanning*. 

2. Mechanised farming 
Establishment of large mechanised farms (i> 1 000 ha) requiring a higi level of management expertise and mechanisation of all 
stages of production from land preparation to harvest. Good planning a&d adequate conservation measures are essential. Limited 
to sparsely cultivated areas. 

3. Traditional grazing 
Improvement of traditional grazing including control of herd., numbers, the elimination of unregulated lopping and the introduction 
of forage species into natural grassland. These measures, together with the establishment of grazing reserves and the allocation 
of grazing rights, are components of a suggested programme to be organised at intei>-State level. Limited to sparsely cultivated areas. 

4. Grazing reserves 
Establishment of reserves in the major traditional wet and dry season grazing areas and along.migration routes, with additional 
reserves within areas free or being freed of tsetse by the eradication programme. Provision of adequate water supplies, veterinary 
services and. improved natural grassland, coupled with strict control of stock numbers. Limited to sparsely cultivated areas. 

5. Cattle rax abas' and dairy farming 

Establishment of ranches for 'growing out' cattle drawn from Pulani herd. Stock numbers restricted to 2 000 head until the 
viability of the ranch is established. Area not less than 2 000 ha per 1 000 head of cattle, with 1 200 ha for wet season and 
early dry season grazing and 800 ha for fodder grass to provide additional dry season roughage. Supplementary dry season feeding 
by cottonseed, cottonseed cake, groundnut cake, brewers grains or molasses as available. Limited to sparsely cultivated areaB. 
Establishment of dairy herds of not more than 100 milking cows. Total area not less than 250 ha, with 130 ha improved pastures for 
wet and dry season grazing and 50 ^ to provide additional dry season feed, supplemented by locally available concentrates and crop 
residues. 

6/f. Production 
forestiy 

6. Development for pro-
duction of timber 

Development financed and managed by Government and covering a few to 100 ha in one location, usually for sawn timber production for 
local use, 'alternatively by a commercial company at minimum annual planting" rate of 400 ha for sawn timber or pulp. Confined to 
forest reserves. 

6/f. Production 
forestiy 7. Development for 

production of 
firewood and 
poles 

(a) Production by State and Federal Departments in forest reserves. 6/f. Production 
forestiy 7. Development for 

production of 
firewood and 
poles 

(b) Production by farmers on small woodlots, backed by extension service and management of indigenous forests. 

6/f. Production 
forestiy 7. Development for 

production of 
firewood and 
poles (c) Extraction from areas of natural vegetation in forest reserves. 

8. Protection fo 
Drotect areas 

restryj reservation to 
against erosion or 

Protection of existing and establishment of new forest reserves in areas with slopes greater than 10% (6°) where conservation iB 
required. 

strict conservation resources Protection required only in parts of area. 



6. Road communications are in general moderate, in that large areas lie 
within 5 km of a hard-top road or are served by reasonably good 
dirt roads 

7. The current level of agriculture is one of an intricate, labour-
intensive, family-based subsistence economy with limited cash crop 
production, largely in balance with the environment 

ASSESSMENT OF AREAS FOR AGRICULTURAL DEVELOPMENT 

Any particular form of development should result in increased agricultural 
production almost anywhere in the Kaduna Plains, but to be most effective it 
should be located in areas where environmental and present land use limit-
ations are at a minimum. In assessing whether an area is suitable for a 
particular type of development the following factors have been considered: 

Climate 
Size and distribution of the land system 
Soil limitations to crop growth 
Slopes in relation to erosion hazard 
Distribution and intensity of present cultivation 
Present fanning systems 
Existing extension coverage 
Present grazing status and cattle movements 
Existing forestry activities 
Communications 

These factors are considered within the framework of land systems. 
For convenience the land systems have been grouped according to the number of 
crop options, that is, the number of crops for which there are few 
environmental limitations. This grouping, shown on Separate Map 3, gives 
an indication of the versatility of the land for crops. 

It must be emphasised that the various development possibilities have been 
assessed on environmental criteria: no attempt has been made to rank 
them in economic terms. 
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SUITABLE AREAS FOR PARTICULAR TYPES OF AGRICULTURAL DEVELOPMENT 

The areas suitable for particular types of agricultural development are 
shown on Text Maps |>»4 to and given in Table 2 in relation to administra-
tive units and land systems. The boundaries of both administrative units 
and land systems are shown in more detail on the separate maps. 

SUITABLE AREAS FOR PRODUCTION OF PARTICULAR CROPS 

The areas in which the environmental limitations to the growth of certain 
crops are at a minimum are given in Table 3 in relation to administrative 
units and land systems shown on the separate maps. Although this in-
formation is generalised it is relevant to 'Operation Peed the Nation1. 

POSSIBLE AGRICULTURAL DEVELOPMENTS IN EACH ADMINISTRATIVE UNIT 

The types of development possible in each administrative unit can be derived 
by reference to Table 2. 

ACTION PRIOR TO AGRICULTURAL DEVELOPMENT 

Various agricultural development options have been set out in this report 
based on reconnaissance investigations of the environment and present land 
use. The further actions, necessary to implement development are discussed 
below, but as both State and Federal Government agencies may be involved, 
coordination is important. 
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TEXT MAP 5.4 

K A D U N A PLAINS 

AREAS SUITABLE FOR INTEGRATED AGRICULTURAL DEVELOPMENT PROJECTS 
(based on environmental and present land use factors only) 
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D.O.S. 3271 L Prepared and printed by Directorate of Overseas Surveys 1978 



TEXT MAP 5.5 

H K A D U N A PLAINS 

AREAS SUITABLE FOR LARGE MECHANISED FARMS 
(based on environmental and present land use factors only) 
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TEXT M A P 5.6 

KADUNA PLAINS 

AREAS SUITABLE FOR IMPROVEMENT OF TRADITIONAL GRAZING 
(based on environmental and present land use factors only) 
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TEXT M A P 5.7 

KADUNA PLAINS 

AREAS SUITABLE FOR ESTABLISHMENT OF GRAZING RESERVES 
(based on environmental and present land use factors only) 
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TEXT M A P 5.8 

KADUNA PLAINS 

AREAS SUITABLE FOR ESTABLISHMENT OF GRAZING RESERVES 
(based on environmental and present land use factors only) 
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TEXT MAP 5.9 

K A D U N A PLAINS 

AREAS SUITABLE FOR DEVELOPMENT FOR PRODUCTION OF TIMBER 
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TEXT MAP 5 . 1 0 

KADUNA PLAINS 

AREAS SUITABLE FOR INTEGRATED AGRICULTURAL DEVELOPMENT PROJECTS 
( b a s e d o n e n v i r o n m e n t a l a n d p r e s e n t l a n d u s e f a c t o r s o n l y ) 
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TEXT MAP 5.11 

KADUNA PLAINS 

AREAS REQUIRING RESERVATION OR STRICT CONSERVATION 
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TABLE *2 Agricultural development possibilities in relation to administrative units and land systems in the Kaduna Plains 

Administrative 
unit 

Land systems suitable for different, types of development 

Administrative 
unit 

1. Integrated agriculture 
2. 

Keohanised 
farming 

3. & 4. 
Traditional grazing 
and grazing reserves 

5. 
Cattle ranches 
• and dairy 

farming 

6. 
Timbei 

7, Firevood and poles production from 
8. 

Protection 
forestry 

Administrative 
unit 

(a) In densely 
cultivated 

areas 

(b) In sparsely 
cultivated 
areas 

2. 
Keohanised 
farming 

3. & 4. 
Traditional grazing 
and grazing reserves 

5. 
Cattle ranches 
• and dairy 

farming 

6. 
Timbei [a) Forest reserves (b) 

Farmers 
voodlots 

(0) 
Natural 
vegetation 

8. 
Protection 
forestry 

Administrative 
unit 

(a) In densely 
cultivated 

areas 

(b) In sparsely 
cultivated 
areas 

2. 
Keohanised 
farming 

3. & 4. 
Traditional grazing 
and grazing reserves 

5. 
Cattle ranches 
• and dairy 

farming 

6. 
Timbei 

Name is 

(b) 
Farmers 
voodlots 

(0) 
Natural 
vegetation 

8. 
Protection 
forestry 

Kaduna State 

Birnin Gv&ri 
LG area 

- 418,421,422, 
426 

418,422, 
426 

- - - - - - - - ' . -

Funtua 
LG area 

421,422,426, 
449,450 

418,421,422 
426,444,449 

418,422, 
426,449 

421,422,426,444,449-' 421,422,426, 
444,449 

Tudun Iya 
Tumburkai. 

449 449 421,422, 
449,450, 
426 

- -

Ikara 
LG area 

425,429,445, 
448,450,451, 

425,429,434, 
445,448,450, 
451 

448,451, 
425,429, 
434,445, 
448,450, 
451 

413,425,429,431,434, 
+36,443,445,448,450, 
451 

425,429,434., 
448,445,451, 
450,431 

Uasarava 
Guaraka 
Anchau V. 
Kurmin Kog: 
Gulma Rivei 

443,448 
448 
448,451 
443,448 
413,425 

443,448 
450,451 

425 1,2 

102 

Jema'a 
LG area 

422,431,436, 
437,438,439, 
440 

410,415,422, 
435,436,437, 
438 

422,438 410,412,415,422,423, 
431,436,437,438,439, 
440 

410,415,422, 
431,436,437, 
438,440 

404, 
439 - -

422,431, 
436,437, 
438,439 

-

1,2,102, 
401,404, 
435 

Kachia 
LG area 

416,431,435, 
440 

402,405,406, 
409,410,411, 
416,419,420, 
421,422,424, 
427,428,429, 
430,431,432, 
433,434,435, 
436,438,440 

411,419, 
422,424, 
427,428, 
429,431, 
432,433, 
438,439, 
440 

405,406,409,410,411, 
412,413,416,4i7,419, 
420,422,424,427,428, 
429,431,433,436,438, 
439,440 

406,409,410, 
411,416,419, 
420,422,424", 
427,428,429, 
431,433,436, 
438,440 

406, 
419, 
420, 
427, 
428 

Kagarko 
Kabara 
Kubacha 
Bayide 
Kurmin Bi 
Kaguru 
Tukuruva 
Kakau 
Hando N. 
Hando S. 
Chaval Esc 

Libere 

Doks Hills 
Kai Ido 
KuiPmin Bir: 
Akvana E 

V 

Rah&aa Ssc 

420,404 
420 
404 
422 
422 
422 
422 
422 
421,422 
421.422 
431.435 
438 
418. 429. 
430 
430 
413,422 
432 
411.422 
419,428 
436.43e 

416,424 
439,440 

401,402, 
406,411, 
413,418, 
422,428, 
430,432, 
429 

1,2,102, 
401.404, 
435.405, 
402,409 

Kadujia 
LG areas 

- - - - - " 422,446 -

Saminaka 
LG area 

405,407,414, 
424,425,431, 
435 

402,403,405, 
407,414,418, 
424,425,429, 
430,431,433, 

414,418, 
424,425, 
429,431, 
433 

403,405,407,413,414, 
424,425,429,431,433, 
436 

403,405,407, 
414,424,425, 
429,431,433, 
436 

-

Eakin Kogi 
Kurmin Hal 
ffvogin 
Kerami 
Libere 

424,441 
414 

418 

407,414 
431 

418,429 1,2,402, 
435 

Zatfia 
LG area 

422,444,445, 
446,447,448, 
449,451 

418,422,426, 
429,444,445, 
446,447,448, 
449,451,402 

418,422, 
426,429, 
445,448, 
449,451 

422,426,429, 
444,445,446, 
447,448,449,. 
451 

422,426,429, 
444,445,^46, 
447,448,449, 
451 

422, 
426, 
446 

Idasu 
Fatika 
Kakangi 
Guga 
Maje 
Kabama 
Kairabo 
Afaka 
Rigachikum 
Ribako 
Kona 

422 
422 
422,444 
444 
444 
446 
446 
422 
422 
413,429 
429,446 
447,451 

443, 
447,449 

413,422, 
429,446, 
451 

Niger State 406,428 402.405.406, 
427,428,436, 
438 

419,427, 
428 

405,406,419,427,428, 
436 

405,406,419. 
427,428,436 

406, 
428 

- 406,428 1,2,401, 
402,406 

Plateau State 
Barafcin ladi 
LG area 

437,438 435.437,438 - 437,438 437,438 - - - 438 - 404,435 

Baaaa 
LG area 

431,435 403,431,435 
-

403.431, 403,431 Jere 
Linoro 
Chokobo. 

434 

431.434 

431 1,2,435 

Keffi 
LG area - 420 - 420.436 420.436 

" 

404 1.2.401. ' 
102.402, 
404 

Toro 
LG area 

414,431 414,431,435 414,431 414,431 414,431 - '31 1.435 

Eano State 
Gvarzo 
LG area 

450 - - - - - - -

Tudun Vada 
LG area 

414,425 414,425 414,425 414,425 414,425 - 414,425 1 

Fed. CaD. Terr. 406,419,420, 
425,436 

406,419, 
428 

406,419,420,428,436 406,419,420, 
428,436 

- """ 401 
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TABLE 3 Land systems with few limitations to the growth of particular crops, in. relation to administrative unit!' 

Administration unit 
Land system 

Administration unit 
Maize Millet Sorghum Groundnut Cotton Yam* 

Kaduna State 
Birnin Gwari LG ar<fc. 418,421,422 

446 
4 1 8 , 4 2 1 , 4 2 2 
446 

418,421,422 
446 

418,421,422 
446 

418,421,422 
446 

418,421,422 
446 

Funtua LG area 418,421,422-
426,444,449, 
450 

418,421 ,422 
426,449,450 

418,421,422 
426,444,449 
450 

418,421,422 
426,449 

418,421 ,422 
426,444,449 
450 

418,421,422 

Hcara IO area 425,429,434 
436,445,448, 
450,451 

425,429,445-
448,450 

425,429,434 
436,445,448 
451 

425,429,445. 
448 

425,429,436 
445,448,450 
451 

413,425,429 
434,436,445 

Jema'a LG area 402,404,410 
415,416,422 
431,455,436 
437,438,440 

402,404,410, 
412,422,431 
435,438,440 

402,404,410 
415,416,422 
431,435,436 
437,438,440 

402,422,435. 
440 

402,404,416 
4 2 2 , 4 3 1 , 4 3 5 
436,437,440 
410 

401,402,404 
410,412,415 
416,422,423 
431,435,436 
437,438,439 
440 

Kaohia LG area 402,404,405 
406,409,410 
4 1 1 , 4 1 6 , 4 1 8 
419,420,421 
422,424,427 
428,429,430 
451,432,433 
435,436,438 
440 

402,404,405 
406,409,410 
418,419,420 
421,422,427 
428,429,431 
432,433,435 
436,-438,440 

402,404,405 
406,409,410 
411,416,418 
419,420,421 
422,424,427 
428,429,430 
431,432,433 
434,435,436 
438,440 

402,406,418 
420,421,422 
427,429,433 
435,440 

402,404,405 
406,409,411 
416,418,419 
420,421,422 
424,427,428 
429,431,432 
433,435,436 
440 , 410 

402,404,405 
406,409,410 
411,412,413 
416,417,418 
419,420,421 
422,423,424 
427,428,429 
430,431,432 
433,435,436 
438,439,440 

Kaduna IG area 422 422 422 422 422 422 

Saminaka IG area 402,403,405 
414,418,424 
425,429,430 
431,433,435 
436 

402.405,414 
418,425,429 
431,433,435 

402,403,405 
407,414,418 
424,425,429 
430,431,433 
435,436 

402,405,407 
418,425,429 
433,435 

402,405,418 
424,425,429 
431,433,435 
436 

402,403,405 
407,407,413 
414,418,424 
425,429,430 
431,453,435 
436 

Zaria LG area 418,422,426 
429,444,445 
446,447,448 
449,451 

418,422,426 
429,445,446 
447,448,449 

418,422,426 
429,444,445 
446,447,448 
449,451 

418,422,426 
429,445,446 
447,448,449 

418,422-, 426 
429,444,445 
446,447,448 
449,451 

413,418,422 
429,445 

Niger State 402,404,405^ 
406,419,427 
42S,436 

402,404,405 
406,419,427 
428 

402,404,405 
406,419,427 
428,436 

402,405,406 
427 

402,404,405 
406,419,427 
428,436 

402,404,405 
406,419,427 
428,456 

402,404,405^ 
406,419,427 
42S,436 

402,404,405 
406,419,427 
428 

402,404,405 
406,419,427 
428,436 

402,405,406 
427 

402,404,405 
406,419,427 
428,436 

402,404,405 
406,419,427 
428,456 

Plateau State 
404,435,437 
438 

404,435,438 404,435,437 
438 

404,435 404,435,437 404,435,457 
438 

Barakin Ladi LG area 404,435,437 
438 

404,435,438 404,435,437 
438 

404,435 404,435,437 404,435,457 
438 

Bassa U3 area 403,431,434 
435 

431,435 403,431,434 
435 

435 431,435 403,431,434 
435 

Keffi LG area 404,420,436 404,420 404,420,436 420 404,420,436 401,404,42c 
456 

Toro LG area 414,431,434 
435 

414,431,43-5 414,431,434 
435 

435 431,435 414,451,434 
455 

Kano State 
450 450 450 450 Gwarzo LG area 450 450 450 450 

Tudun Wada LG area 414,425 414,425 414,425 425 425 414,425 

Fed CacaTerr 404,406,419 
420,428,436 

404,406,419 
420,428 

404,406,419 
420,428,436 

406,420 404,406,419 
420,428,436 

401,404,406 
419,420,428 
456 

404,406,419 
420,428,436 

404,406,419 
420,428 

404,406,419 
420,428,436 

406,420 404,406,419 
420,428,436 

401,404,406 
419,420,428 
456 

* Refer to Separate Maps 2 and 3 for northern, climatically unsuitable areas in some administrative units 
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Coordination of agricultural development 

Although obvious, it must be emphasised that any form of agricultural 
development will profoundly affect existing forms of agricultural activity. 
For example, initiating an integrated agricultural development project, as 
outlined previously, will influence the amount of land available for .grazing: 
the consequent displacement of nomadic pastoralists may effect rangeland 
100 miles away. 

Decisions on agricultural development are usually taken initially by a 
professional committee. Details vary but at the state level the committee 
includes the Permanent Secretary MANR, the Planning Officer, Chief 
Agricultural and Veterinary Officers, Chief Irrigation Engineer and Chief 
Conservator of Forests. At the federal level the committee includes the 
Permanent Secretary MAM, the Planning Officer and the Directors of the 
Departments of Agriculture, Livestock and Forestry. 

It is very important that these committees should, consider the interrelationships 
of the various forms of agricultural development. A decision to undertake a 
specific type of agricultural development cannot be made by one department 
in isolation. 

To ensure coordination of agricultural development between States and 
between State and Federal Government programmes, a representative from the 
Federal MAMR should attend State MANR committees. To ensure coordination 
of agricultural activity with overall development policy a representative 
from the Ministry of Finance and Economic Planning should also attend. 

Once the MANR Planning Committee has approved a particular agricultural 
development on technical grounds, final approval for implementation is 
usually the responsibility of the Ministry of Economic Planning. 

Sequence of actions prior to development 

.The further actions necessary to implement development are listed in 
sequence and summarised in Table 4> and further discussed below. They 
represent the successive applications of more intensive studies to test 
the feasibility of the options indicated by the reconnaissance surveys. 
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TABLE 4 Sequence of actions prior to development 

Action Inf ormat i on available 

1. Decide 
i. Tfype of agricultural develop-

ment 
ii. Type of crop whose production 

should be increased 
iii. Area for development 

Results of Central Nigeria 
Project ie agricultural 
development options determined 
from environmental factors. 
Economic information from 
Nigerian sources 

2. Undertake preliminary socio-
economic studies 

t t 

3« Review decision from 1. Results of Central Nigeria 
Project and studies from 2. 

4. Undertake more detailed environ-
mental and socioeconomic studies tt 

Final decision on implementation 
of development 

Results of Central Nigeria 
Project and studies from 2 
and 4 . 

Decision on type of development, type of crop, or the area for development 

A decision on the types of agricultural development required or on the type 
of crop whose production should be increased should be taken by State or 
Federal MANR Planning Committees in the light of the overall agricultural 
policy laid down in the Third National Development Plan. Relevant 
information has been provided in this report and attention is again drawn 
to the section on the use of the report. 

Socioeconomic studies 

In order to complement the reconnaissance environmental investigations, 
preliminary socioeconomic studies are required. This involves the 
collection of data on inputs and outputs, prices and costs, systems of tenure 
credit and marketing, social structures and group interrelationship, 
personal values and capacities, and attitudes to risk and migration. 
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Analysis of this data will enable alternative crops, farming systems or 
projects to be compared in terms of their social and economic consequences 
for individual farmers and communities. Similar studies are required where 
development is to be undertaken by companies or government corporations. 

These studies could be made either by the Planning Units in the State or 
Federal Ministries of Agriculture and Natural Resources, or by external 
agencies. 

Review of decisions 

It is important that there should be a formal review of the decision to 
implement a proposal for development, based on the reconnaissance 
environmental information and the preliminary socioeconomic data. 

Detailed environmental and socioeconomic studies 

Once decisions about the development options have been made on the basis of 
reconnaissance studies, more detailed investigations of environmental and 
socioeconomic factors are necessary. Frequently these studies are 
undertaken by consultants. It is important that there should be 
coordination of the consultants' activities so that there is no 
unnecessary duplication of effort. 

This coordination could most effectively be done by the Federal Department 
of Agriculture, possibly through its Land Resources Division keeping a register 
of all agricultural surveys and development projects in progress. 

Final decision on implementation 

If the results of the more detailed surveys indicate that development should 
prooeed, the decision is usually made by the MANR Planning Committee in 
conjunction with the Ministry of Economic Planning. In the case of 
developments affecting more than one Ministry, responsibilities need to 
be clearly defined and a project authority designated. 
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CONSTRAINTS ON AGRICULTURAL DEVELOPMENT 

The Third National Development Plan, 1975-80, discusses the constraints on 
agricultural development as follows: 

"The constraints are several but the most serious are; 

Shortage" of qualified manpower in key areas 
Inadequate supplies of agricultural inputs 
Inadequate extension service 
The poor condition of feeder roads and other transport 
facilities 
Inadequate or lack of effective supporting services such 
as farm credit, marketing facilities, etc 
The problem of land ownership imposed by the land tenure 
system in most parts of the country 
The problem of diseases and pests 

viii. The problem posed by labour shortage in the rural areas 
in consequence of rural-urban migration 

ix. Lack of appropriate or complete packages of technology 
for many food crops 

x. Drudgery in farm work and low returns from agriculture which 
forces rural youth to migrate to urban areas rather than go 
into farming." 

Interviews with about 45 farmers in 22 villages scattered throughout the 
Kaduna Plains (see Separate Map 2) confirmed that these factors are indeed 
constraints to agricultural development. Those factors for which data are 
available are discussed below and more fully by Gosden (1978). 

i. Shortage of qualified manpower in key areas and iii. Inadequate extension 
services 

1. No data were available on the ratio of field agricultural extension 
workers to farming families for the Kaduna Plains area but is known to 
be very low. Taken in conjunction with poor communications and lack of 

i. 
ii. 
iii. 
iv. 

v. 

vi. 

vii. 
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transport available to the extension worker^ this means that a large 
proportion of the farming population has little or no contact with 
advisory services. FAO suggest that a ratio of one extension worker to 
1 OQO farming families is an absolute minimum and existing integrated 
rural development projects in Nigeria are aiming at a ratio of 1:400. 

2. There are very few staff directly concerned with range management in 
the Kaduna Plains. Veterinary assistants are responsible for animal 
health rather than range management and consequently there is very 
little extension work on grassland improvement. 

3. Professional forestry staff and their field assistants are mainly 
concerned with development of plantations and reserves. They are 
supported by a considerable number of forest guards in the local 
authorities. Lack of staff will be a constraint to the development of 
an extension service intended to encourage farmers to grow woodlots and 
the local authority staff could be used for extension work. 

4. With any extension service, whether it be for crop production, grass-
land improvement, or forestry, there is a conflict between the need 
to encourage and advise the population and the need for policing to 
eliminate malpractices. The two functions should be kept entirely 
separate and policing done by special inspectors. 

viii. The problem posed by labour shortage in the rural areas in 
consequence of rural-urban migration 

Gosden (1978) has produced farming calendars for a number of localiti«» in 
the Kaduna Plains that show that shortage of labour is. a common conetrftin'l 
to production, particularly at weeding times. Lack of money at thit. t,i)li»s 

prevents additional labour being hired, though the labour is available* fiflffi 
other areas. 
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Additional constraints 

1. There is a lack of effective farmers' organisations which would enable 
farmers to request and benefit from more effective extension advice, 
bulk purchase of inputs and handling of produce, credit facilities and 
tractor hiring units. 

2. Large areas infested by tsetse fly limit animal production and 
discourage their use by either hoe or ox Cultivators due to the presence 
of both human and animal trypanosomiasis. 

3. The widespread occurrence of Striga results in reduced crop yields. 

4. Lack of satisfactory water supplies in many areas, especially during 
the dry season. 

5. Competition for fadama areas between farmers and cattle owners has 
reduced the area of dry-season grazing in the northern part of the 
area. This in turn hais led to the increase in intensity of lopping 
browse species which is now causing the death of these valuable 
species. 
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